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ABSTRACT
BENCHM ARKING PHOTONEUTRON PRODUCTION O F MCNPX
SIMULATIONS 
W ITH  EXPERIM ENTAL RESULTS
by
Suresh Babu Sadineni
Dr. William Culbreth, Examination Committee Chair 
Professor of Mechanical Engineering 
University o f Nevada, Las Vegas
Accelerator driven subciitical systems (ADS) are one of the most viable methods for 
the transmutation and effective utilization of nuclear fuel. An important aspect of 
coupling the accelerator to a nuclear reactor is the generation of a high-energy neutron 
flux. The neutron flux can be generated by hitting a high-Z target composed of lead, 
tungsten, or other elements with a high-energy proton beam.
To explore the control issues arising from coupling a proton accelerator to a 
subcritical reactor, an electron beam accelerator which produces a similar neutron flux 
can be used. The purpose of this study is to computationally predict the neutron 
production rate from a lead target that would couple an accelerator to a subcritical reactor 
assembly. MCNPX, a radiation transport code developed at the Los Alamos National 
Laboratory, was used in this study. The MCNPX predictions of photo-neutron 
production were compared with experimental results performed at Idaho Accelerator 
Centre (lAC), and showed good agreement.
in
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CHAPTER 1 
INTRODUCTION
The ever-increasing need for the energy, depletion of conventional energy resources 
(coal, oil etc.), and increased environmental damage promoted scientists worldwide to 
think of alternative energy sources. Nuclear energy is a clean and secure, cost-effective 
source of energy which is free from fuel supply shortages. A key issue related to nuclear 
energy is the long-term management and disposal of nuclear waste. Nuclear waste from 
nuclear reactors predominantly consists of discharged fuel, which contains radioactive 
materials with half-lives of thousands of years. Half-lives of typical radioisotopes found 
in spent fuel include ^^Cu at 1.56*10^ years, ^ C u  at 3.48*10^ years, at 1.43» 10  ̂
years, and ^^Cf at 900 years.
The United States has 102 operating commercial reactors producing about 22% othe 
nation's electricity. They will also produce 87,000 metric tons of spent nuclear fuel that 
must be reprocessed or prepared for long-term storage. Approximately 60,000 metric 
tons of spent nuclear fuel is scheduled for storage in the Yucca Mountain Repository 
located in Nevada as well as an additional 10,000 metric tons of actinide wastes from the 
nation's defense programs. This is an international problem. Worldwide, more than 
250,000 tons of spent fuel from reactors will require disposal. ' This waste also contains 
significant amount of energy. These problems can be solved by the transmutation of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
long-term high-level radioactive nuclear waste into stable or short-lived isotopes, thereby 
closing the fuel cycle.
Accelerator Driven Subcritical Systems (ADS) can be a good solution for 
transmutation. An important issue related to ADS is the ability to produce a high rate of 
neutron production using a particle accelerator. Subcritical quantities of spent nuclear 
fuel contain fissionable isotopes that can sustain a chain reaction with the addition^ 
of accelerator-based neutron production. The resulting neutron flux causes long-lived 
radioisotopes in the fuel to activate or undergo fission. The end-product o f  the process is 
a waste form containing stable or short half-lived radioisotopes that must be safely stored 
for a few hundred years.
In this study, MCNPX, a radiation transport code developed by the Los Alamos 
National Laboratory, was used to predict the ability of a 20 MeV elec&on accelerator to 
produce neutrons. The electrons were injected into a lead target resulting in the emission 
of photoneutrons. A series of experiments were conducted to validate the MCNPX 
predictions. MCNPX is a widely used code in the nuclear industry and its ability to 
accurately predict neutron production rates will affect its usefulness as a design tool for 
ADS systems of the future. The results of this project will be indicate whether additional 
cross-section data will need to be acquired before MCNPX can be a viable predictor of 
ADS behavior.
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1.1 The Importance of Accelerator Driven systems (ADS) in Transmutation
Since the 1990's, the use of accelerator-driven subcritical systems have been 
considered for the transmutation of nuclear waste. In this technique, a subcritical reactor 
(kgff < 1) with the radioactive materials to be transmuted is coupled with a particle beam 
accelerator. The beam of particles coming out of the accelerator impinge upon a high-Z 
material or target inside the reactor producing neutrons by a [p,n] (spallation), 
reaction.^ Transmutation requires a neutron flux of about n/cm^-s, about 100 times 
larger than the flux in a large-scale reactor. In addition, we can use non-fissile materials 
including and ^^Th to breed fissile materials, such as ^^Pu and It has been 
predicted that there is sufficient thorium to meet the world's energy needs for thousands 
of years.
The following are the main advantages of Accelerator Driven Subcritical Systems 
(ADS)
1. The quantity of long-lived, high-level radioactive materials can be considerably 
reduced in nuclear reactor waste by using this method. Otherwise, they will 
require confinement or deep geological disposal for thousands of years.
2. Reactors can be run with maximum safety by running at subcritical levels (kggr < 
1). They can be controlled with the "hit of a button" (accelerator shutdown). 
These accelerators can be operated with the power generated from the reactor and 
the rest can be supplied to the nation's electrical grid.
3. Naturally available and abimdant materials like and ^^Th can be utilized as 
fuels.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4. Constraints on reactor design to keep the reactor at critical levels, k f̂r = 1, can be 
relaxed.
1.2 Photoneutron Calculations
A new contribution planned in transmutation studies will involve coupling an electron 
beam LINAC to a subcritical assembly at the Idaho State University. The plans, 
include verification that a steady chain reaction can be produced in the subcritical 
assembly with a neutron flux that is sufficient to transmute nuclear waste. Before these 
experiments at ISU can be initiated, researchers need to verify that an electron beam 
accelerator with suitable target can produce sufficient neutrons to "power" the subcritical 
assembly. In 2002, experiments were performed at Idaho Accelerator Center at Idaho 
State University, Pocatello to measure the neutron production from a 20 MeV LINAC 
using lead and tungsten targets. These experiments are summarized in this thesis along 
with the MCNPX predictions of neutron flux.
Few experiments have been performed with a monoenergetic electron beam hitting a 
lead target. In the experiments, the electron beam coming out of the accelerator passed 
through a carbon collimator and hit at the center of cylindrical lead target along the axis 
of the cylinder. The neutron production was higher at the front end of the target and 
gradually decreased along the cylinder's central axis. The lead target was divided into 
cylindrical disks to accommodate lead foils of the same radius at different depths of the 
target. These lead activation foils were used to measure the neutron flux produced dunng 
the experiments within the lead target. This arrangement of foils within the target will 
helped helped average over variations in neutron production in the lateral and axial
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
direction of the target. Neutron production from the target was found by measuring the 
radioactivity foils after the iiradiation. The foils were taken to a gamma spectroscopy 
facility immediately after irradiation to measure the 279.2 keV photons produced by the 
decay of ^^Pb, which has a half-life of 2.1615 days. Each ^"Pb nucleus is produced by 
^ P b  (y,n) ^ P b  reactions. The total neutron production from the target was calculated 
from the ^  Pb abundance (1.4%) in the lead target and by measuring the area under' 
the curve from plots of the number of neutrons produced per electron as a function of 
axial position along the cylindrical target.
The experimental results were compared with the computational results from the 
Monte Carlo radiation transport code, MCNPX. The results showed good agreement 
with the numerical simulations and veriEed that MCNPX can be used in the design of 
accelerator-driven, subcritical reactor assemblies for transmutation work.
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CHAPTER!
LITERATURE REVIEW
This chapter presents a literature review related to the transmutation of nuclear waste 
using accelerator driven sub-critical systems. The use of neutrons for the transmutation 
of the long-lived radioactive nuclei in nuclear waste to stable or short-lived species has 
been under consideration for many years. Renewed interest since 1990 in accelerator- 
driven subcritical systems for the transmutation of commercial waste has evolved as a 
primary method. ADS depends upon the ability of a particle accelerator to indirectly 
produce a large quantity of neutrons.
S.M. Seltzer in 1973 made some calculations on the yield of photoneutrons from thick 
targets bombarded with electron beams. Yields were calculated from incident electron 
energies from 20 MeV down to the photonuclear cross section threshold for tantalum and 
tungsten targets.^
W. P. Swanson, in 1978, also made calculations for low-energy neutrons released by 
electrons incident on semi-inEnite targets of natural C, Al, Fe, Ni, Cu, Ag, Ba, Ta, W, 
Au, Pb, and U.^^
G. P. Lawrence, in 1991, considered proton LINAC's driving high-Eux spallation 
neutron sources for nuclear waste transmutation and producEon of tndum. A proton
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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beam energy of 1.6 GeV and current of 250 mA incident on a lead or lead-bismuth 
spallation target generates high Euxes of thermal neutrons which can be used in a 
surrounding blanket to produce tridum through the ^ ( n ,a ) T  or H e(n,p)T reactions. The 
neutron Eux can also be used to bum long-lived actinides and Ession products in nuclear 
waste through capture and Ession processes.^
C. D. Bowman et al., in 1992, descnbed a new approach for commercial nuclear^ 
energy producEon without a long-term high-level waste stream. It included the 
transmutaEon of both Ession products and acEhides in commercial waste using the 
thermal Eux of accelerator-produced neutrons with a Eux of lO'^ n/cm^-s. This is now 
possible due to recent advances in proton linear accelerator technology and to the 
development of spallaEon targets and moderator design.^ Also, in 1998, C. D. Bowman 
made a study to review the performance of both thermal and fast reactor spectrum 
designs.^
In 1999, J. U. Knebel, et al, critically evaluated the characteristics of accelerator- 
driven subcritical reactor systems and their potential application in the transmutation of 
minor actinides and long-lived fission products. They studied both feasibility and 
safety^ and conEnued work on core design, neutronics, safety, system analyses, materials 
and corrosion for ADS in 2000.^^
In 1999, F. Jallu made comparisons between photoneuEon producEon rates in 
tungsten, copper, praseodymium and beryllium using data resulEng from the 
ELEPHANT (ELEctron, Photon And Neutron Transport) code. Measurements were 
made using the linear electron accelerator located at Arcueil, France.^
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E. Arthur, in 2001, reported observations regarding nuclear waste including the 
production rate of spent fuel from the nabon's 100 or more operating reactors. He also 
reported that only about 1% - 2% of the total mass of spent nuclear fuel contains long- 
lived isotopes of environmental and proliferabon-risk concern.'
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CHAPTERS
THEORY
In this chapter, several topics are discussed that are essential to understanding the 
production of photoneuEons using an electron accelerator. These include a review of 
cross-secEons, photoneutron producEon using electrons, selecEon of target material, 
neuEon detecEon theoiy, measurement of neutron Eux from acEvaEon foils, calculaEon 
of the number of electrons hitEng the target, neutron producEon from each electron 
hitting the target, and particle accelerator theory.
3.1 Cross-sections for Interaction of Radiation with Matter 
The extent to which the radiation interacts with nuclei of the matter is described in 
terms of cross-secEons. Suppose that a beam of monoenergeEc neutrons impinges upon a 
thin target of thickness "X" and area "A". If there are "n" neutrons per unit volume 
within a subcriEcal assembly and if "v" is the speed of the neutrons, then the neutron Eux 
is given by:
I  = nv
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Thus, »vA=M neuEons sEike the enüre target per second, and it follows that 7 is equal to 
the number of neuEons striking the target per cm" per second.
The number of collisions per second in the whole target = of/VAX, where cr is the 
proportionality constant called "Cross Seed on". The factor is the total number of 
nuclei in the target. The number of collisions with a single nucleus is therefore just of. It 
follows that "rris  equal to the number of collisions per second with one nucleus per' 
unit intensity of the beam". From the above equadon it will be clear that tr has units of 
area.
Hence tris nothing more than crow-secffowzZ area nacfeas'', and hence
the term "Cross Secdon".
Cross secdons are expressed in units of ta/Tiy, where 1 6am  denoted as b, is equal to 
10 "^ cm ^. The sum of the cross secdons for all possible interacdons is called total
cross section and is denoted by cr,, that is
C j  —  O"̂  +<Ty + C T y + C y  +  . . .
Where cr^,0 '(,0 'y^0 'yare elasdc scattering, inelasdc scattering, capture and Ession 
cross-secdons respecdvely.
3.2. Mechanism of Neutron ProducEon in the Target
The basic principles in the producEon of neutrons in the target are "The loss of energy by 
the electrons in target material (Photon producEon)", "Mioton interacdons with target 
material atoms (Photo-nuclear ReacEons, Photoelectric eEiect, Compton Scattering and 
Pair ProducEon)".
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3.2.1. Electron Interaction Mechanisms in the Target Material:
Electrons lose their energy in the target material by producing the photons in two 
different ways: by bremsstrahlung, and by the producEon of charactensEc photons.
3.2.1.1. Bremsstrahlung:
If an electron passes close to a nucleus it can undergo an inelasEc collision thereby 
creating photons. The maximum energy of the emiEed photons would be achieved when 
all the kineEc energy of the electron is transferred to the photon.
The intensity of bremsstrahlung tends to grow almost quadraEcally with increase of 
nuclear charge of the target material. These photons are important in the producEon of 
the photoneutrons. These photons also have relaEvely high energies and are referred to 
as gamma rays (y).
3.2.I.2. CharacterisEcRadiaEon
The second method of producing photons is known as characterisEc radiaEon. It 
results in the emission of photon at discrete energies characterisEc of electron energy 
shells within the target material. CharacterisEc photons are produced when electrons 
strike target nuclei causing the ejecEon of an orbital electron from the target material. 
This creates a vacancy in the electron shell that is Elled by an electron from higher
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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energy levels releasing energy in the form of characteristic photons. These photons have 
relaEvely less energies and are called x-rays.
3.2.2. Photon InteracEon Mechanism in the Target material:
The photons produced in the target will interact with target material through the. 
photoelectric effect, Compton scattering, and through pair production.
3.2.2.1. Photonuclear ReacEons:
When photons (y) are produced by the electron beam striking the target nuclei, they in 
turn may be absorbed in the surrounding target material. One such absorption mechanism 
is the photonuclear reacEons (y,n) where a gamma ray strikes a nucleus causing it to 
become unstable. The nucleus decays back into stable nucleus by emitdng a neutron in 
this reacEon after a very short period of Erne. Other nuclear reacEons involving photons 
are also possible, including (y,p) where a proton is emitted, (y,d) resulEng in a deuteron, 
or (y,a) resulEng in an alpha parEcle. These other reacEons are possible, but their cross- 
secEons (probability of occurrence) are much less.
The minimum energy required for any interacEon is called the threshold energy. The 
threshold energy for (y,n) reacEon in different isotopes of the lead target are 8.395MeV 
for Pb-204, 8.08814MeV for Pb-206, 6.7379MeV for Pb-207, and 7.367MeV for Pb-208. 
Only gamma rays with energies more than these threshold energies can only make 
neutrons.
maximum neutron energy = beam energy - threshold energy for (y,n) reacEon
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3.2.2.2. Photoelectric Effect
In the photoelectric absorpEon process, a photon undergoes an interaction with an 
absorber atom in which the photon completely disappears. In its place, the atom an ejects 
an energeEc photoelectron from one of its bound shells. The interacEon is with atom as a 
whole and cannot take place with free elecEons. For gamma rays of sufficient, 
energy, the most probable origin of the photoelectron is the most EghEy bound or K shell 
of the atom. The photoelectron appears with an energy given by
Ee= hv - Eb
Where Eb=Binding energy of the photoelectron in its original shell. These interacEons
occur for photon energies of few hundred keV.
3.2.2.3. Compton Scattering
Compton scattering occurs when a medium energy photon scatters from an orbital or 
bound electron. Unlike the photoelectric process, only part of the photon's energy is 
transferred to the electron. The electron is ejected from the atom along with some added 
energy and the incident photon is scattered with a reduced energy. The scattered photon 
can conEnue to interact with other atoms by addiEonal Compton or Photoelectric process 
unEl it is fully absorbed.
3.2.2.4. PaE ProducEon
PaE pioducEon occurs when a photon, having at least twice the rest mass energy of an 
electron (1.02 MeV), interacts with the electric Eeld of a nucleus and transforms into and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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electron-positmn pair. Photons with any energy greater than 1.02 MeV being converted 
to kinetic energy of the pair. The electron and posiEon dissipate their energy primarily in 
ionization interacEons as they travel through matter. Upon loosing all its kineEc energy, 
the positron will undergo annihilaEon with an electron to release two 0.51 MeV 
annihilaEon photons. To conserve momentum, these two photons must be emiEed in 
opposite direcEons.
PaE producEon is similar to the bremsstrahlung process in that the number of 
electrons surrounding a nucleus plays an important role. The total paE producEon cross 
secEon, is proporEonal to square of the atomic number.
3.3. SelecEon of Taiget Material for Neutron Production 
The main objecEve in selecEng the proper material as the target is to obtain maximum 
neutron yield from the target with the available electron beam energy.
As shown in the figure 1, the neuEon threshold energy decreases as the atomic number 
increases. This has two advantages
1. It is possible to produce neutrons with incident parEcles of low energies.
High-Z materials are more efficient at producing photoneutrons than most low-Z 
materials for the same beam energy. This is because the bremsstrahlung energy
2. spectrum is a conEnuum with photon energies that extend up to the incident 
electron energy. This means that the number of gamma rays generated per 
incident electron is high enough to exceed the neutron threshold energy of high-Z 
elements.
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3. Above atomic number 82, elements are all radioactive. Hence, materials like lead 
and bismuth are optimal as target materials for neutron production. Beryllium 
(Z= 4) is also a good target material because of its low neutron threshold energy, 
however, the bremsstrahlung photon production is low in beryllium, since the 
bremsstrahlung photon production is proportional to .
25
20
20 10040  60
Atomic Number (Z)
Fig.l Dépendance of neutron emission threshold energy on atomic number
Some MCNPX simulations were done with high-Z material placed in front of a 
beryllium target to produce the bremsstrahlung photons. The neutron production was still 
less than that generated by high-Z targets.
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3.4. Neutron Detection Theory
In the early stages of experiments, we attempted to use a neutron detector in the 
accelerator room to find the neutron flux emanating from of the target. Due to the high 
flux of gamma rays emanating from the target along with the neutrons, it was found that 
the detector measurements were affected. As an alternative, neutron activation foils were 
choosen to And the neutron production. These foils were sensitive to neutrons, but^ 
the measured neutron flux was not affect by gamma ray production from the target.
3.4.1. Photon Detectors




The choice of particular detector depends up on the photon energy range of interest, and 
the application's resolution and efGciency requirements. Other considerations include
count rate performance, the suitability of the detector for timing experiments and price.
Gas-Glled Detectors:
A gas-filled detector is basically a metal chamber filled with gas and containing a 
positively biased anode wire. A photon passing through the gas produces free electrons 
and positive ions. The electrons are attracted to the anode wire and collected to produce 
an electric pulse.
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Scintillation Detectors:
A photon interacting with a scintillator produces a pulse of light, which is converted to 
an electric pulse by a photomultiplier tube. The photomultiplier consists of a photo 
cathode, a focusing electrode and 10 or more dynodes that multiply the number of 
electrons striking them several times each.
Semiconductor Detectors:
A semiconductor is a material that can act as an insulator or as a conductor. In 
electronics the term "solid state" is often used interchangeably with semiconductor, but in 
the detector held the term can obviously be applied to solid scintillators. Therefore 
semiconductor is a preferred term for those detectors, which are fabricated from either the 
elemental or compound single crystal materials having a band gap in the range of 
approximately 1 to 5 eV.
When a particle deposits energy in a semiconductor detector, equal numbers of 
conduction electrons and holes are formed within a few picoseconds along the particle 
track. The detector configurations ensure that an electric field is present throughout the 
active volume, so that both charge carriers feel electrostatic forces that cause them drift in 
opposite directions. The motion of either the electrons or holes constitutes a current that 
will persist until those carriers are collected at the boundaries of the active volume.
3.4.2. Important Detector Parameters:
Detector Efficiency: The efficiency of a detector is a measure of how many pulses occurs 
for a given number of Photon rays.
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Absolute Efficiency: The ratio of the number of counts produced by the detector 
to the number of gamma rays emitted by the source (in all directions).
Intrinsic Efficiency: The ratio of the number of pulses produced by the detector to 
the number of gamma rays striking the detector.
Full-Energy Peak (or photo Peak) Efficiency: The efficiency for producing full- 
energy peak pulse only, rather than a pulse of any size for the Photon-ray.
Detector Resolution:
Resolution is a measure of the width (full width half max.) of a single energy peak at a 
specific energy, either expressed in absolute keV (as with Germanium Detectors), or as a 
percentage of the energy at that point (Sodium Iodide Detectors). Better (lower) 
resolution enables the system to more clearly separate the peaks within a spectrum.
Dead Time:
In nearly all detectors there will be a minimum amount of time that must separate two 
events in order for them to be recorded as two separate pulses. In some cases the limiting 
time may be set by processes in the detector itself, and in other cases the limit may arise 
in the associated electronics. This minimum time separation is usually called the dead 
time of counting system. Because of random nature of radioactive decay, there is some 
probability that a true event will be lost because it occurs too quickly following a 
preceding event. These "dead time losses" will be more when high-count rates are 
encountered, and any accurate measurement made under these conditions must include 
some correction for these losses. Sometimes two or more photons reach the detector in
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close intervals before it process the first one, then detector cannot discriminate them and 
will be recorded as a single high energy pulse, which is called pile-up. Hence the count 
rate should be at reasonable limits so that the measurements should not be affected by 
dead time.
3.4.3. Gamma spectroscopy:
A typical gamma spectroscopy for detecting the gamma rays from a radioactive 
source consists of the following important équipement. The arrangement and description 
of each part is presented in this section.
Detector:
A high purity germanium (HPGe) detector was used in this gamma spectroscopy
because of its higher energy resolution. HPGe is a semi-conductor type detector in which 
High Purity Germanium crystal is used as detecting material.
Preamplifier:
For most of the detectors the charge is so small that it is impossible to deal with the 
pulses without intermediate amplification. The first element in a signal processing chain 
is often a Preamplifier. It works as an interface between the detector and the pulse- 
processing electronics. Preamplifier should be as close as possible to the detector to 
maximize signal-to-noise ratio. Because of convenience or safety considerations, the 
other components of the pulse processing chain often are located at some distance from 
the detector and preamplifier. Hence, another requirement is the preamplifier output
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
should be capable of driving its signal into large capacitance of the long interconnecting 
cable. Preamplifiers are provided with Test pulse input, high voltage power input (bias) 
for the detector, power input for the preamplifier circuit and signal output. Sometimes 
preamplifiers will be manufactured as integral part of the detectors.
Generally preampliber output is without pulse shaping (linear tail pulse). The output 
signal from the preamplifier is proportional to the energy of the incident photon im 
the detector.
Pulse Generator:
The pulse generator generates the pulses which can be used to calibrate the
measurement system. If the pulse generator is sufficiently stable, its output should be 
resolved to within a single channel by a pulse height analyzer. Any broadening of this
response into more than one channel can be attributed to the inherent electronic noise of 
the measuring system.
High-Voltage Power Supply:
Most of the detectors require external high voltage for proper operation. This voltage 
is commonly called detector bias. The high voltage supplies used for this purpose are 
called detector bias supplies. The bias supply varies greatly with detector type. For 
detectors with very little current (such as ion chamber) the bias supply can be as simple 
as a dry cell battery. On the other hand the supplies that must simultaneously provide 
high voltage and high currents are heavy and bulky. High voltage supplies for germanium 
detectors may need to provide up to 5000 V for large volume coaxial configurations, but
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only modest currents are required. Semiconductor diode detectors draw relatively little 
current but voltage demands exceed 1000 V.
Amplifier:
The amplifier is the most important components in pulse processing system for 
applications in counting, timing or pulse-amplitude (energy) spectroscopy.. 
Normally amplifier provides the pulse shaping. When the best resolution is needed in 
energy or pulse-height spectroscopy, a linear pulse-shaping amplifier is right choice. 
Such systems can acquire spectra at data rates up to 7,000 counts/s with no loss of 
resolution, or up to 86,000 counts/s with some compromise in resolution. The output 
pulse from the amplifier is proportional to the output pulse from the preamplifier.
Oscilloscope:
The output pulses at any stage of the measuring system can be monitored by an 
Oscilloscope. The display of the oscilloscope has both horizontal and vertical divisions. 
There are control knobs, which can be used to adjust the signal on the display. The 
horizontal divisions are time, and vertical divisions are voltage measurements. There are 
scaling knobs for both voltage and time divisions. The height and period can be measured 
directly from the display.







































Fig. 2 Schematic diagram of Gamma Spectroscopy
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Differential Discriminator (Single-Channel Analyzer):
The SCA contains two independent discrimination levels, from which it produces a 
logic output pulse, only if the input linear pulse lies between the two levels. The purpose 
of this unit is to select a band of amplitudes or windows in which the input amplitude 
must fall in order to produce an output pulse. Several nomenclatures and ac^ustments 
persist for SCA. In some units, both lower and upper level discriminators are 
independently ac^ustable. In others, the lower level is labeled as E level, and the window 
width or difference between levels is labeled as AE and can be varied separately without 
affecting the E level. In counting systems, the SCA can serve to select only a limited 
range of amplitudes from all those generated by the detector. The window can be set to 
detect only those events in the detector that deposit full energy of an incident radiation. In 
this way we can measure the selected energy type radiations in the presence of other 
radiations.
Analog-to-Digital Converter
The analog-to-digital converter (ADC) is a device that converts the amplifier analog 
output signal into an equivalent digital value.
Multichannel Analyzer (MCA):
The process of sorting successive signal pulses into parallel amplitude channels is 
commonly called "multichannel pulse height analysis". The standard device carrying out 
this function is Multichannel Analyzer. The M CA's operation is based on the principle of 
converting an analog signal (the pulse amplitude) to an equivalent digital signal. Once
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this conversion to digital signal has been accomplished, the signal can be stored and 
displayed. Hence ADC is the key element in determining the performance of the 
analyzer.
Rate Meter:
The rate meter can measure the rate at which the pulses are being accumulated in the 
system. It is advantageous to have visual indication of the rate at which pulses are 
counted to monitor the measurement system during sampling.
Counter:
The final step in a counting system is, recording the number of logic pulses 
accumulated over a fixed period of time. It is a simple register that is incremented by one 
count each time a logic pulse is presented to its input. Counters are commonly operated in 
one of two modes: Preset time and preset count. In preset time mode, the counting period 
is controlled by an internal or external timer. In preset count mode, the counter will 
accumulate the pulses until a specified total has been achieved, at which the counting 
period is terminated. The preset count mode has the advantage that a given statistical 
precision can be specified before the start of the measurement.
Timer:
The function of a timer is simply to start or stop the accumulation period for an 
electronic counter or other recording devices. Its most important property is the precision 
to which the time interval is controlled.
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3.5. Theoretical Explanations for the Measurement of Decay Spectrum to Find the 
Neutron Production
When the electron beam hits the lead target, the electron beam generates the 
bremsstrahlung gamma rays which in turn will interact with nuclei of the lead isotopes. 
Natural lead contains four isotopes Pb-204(1.4%), Pb-206(24.44%), Pb-207(22.94%), Pb- 
208(52.647%). Each time a gamma ray is absorbed by a nucleus, one or more neutrons
are generated. These are identified by (y, n), (y,2n), (y,3n) reactions. The subsequent
nuclei that result are summarized below:
^P6()^,n)"°"fb "°"P6(y,n)"°"P6
^ P 6 (y ,2 M )^ f6  ^ P 6 (y ,2 n )^ P 6  ^ fZ ,(y ,2 n )^ P 6
^P6(y,3n)^P6 ^f6(y,3n)^P6 ^P6(y,3n)^P6
These daughter isotopes my also interact with gammas and may generate different 
isotopes. The cross-sections for y,2n y,3n ^  small with compaied to the
reactions.
The isotopes decay by y emission with a half-life of 2.1615 days. The irradiated 
foils from the target were taken out of the experimental setup after irradiation and ganama 
rays generated by the foils were counted with HPGe detector (high purity germanium) for 
a specified time. The radioactivity of the irradiated foil was found by integrating over 
time to find the total number of atoms within the foil. The number of atoms 
in the foil was equal to the number of atoms of transformed to through
emission of a single neutron.
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Hence, it was possible to find the number of neutrons absorbed in the foil from 
interactions with . Recall that this isotope represents 1.4% of all natural lead. The 
cross sections for (y-2n) and (y-3n) for lead is negligible, hence, we can discard the
production of from these transitions.
The other secondary transitions 6(y, 6 and , which may also
produce neutrons, have very little contribution to the total number of neutrons produced. 
The following is the numerical explanation for this:
The number of neutrons produced per electron (Energy = 20MeV) = 1 0  "̂
The electrons hitting the target = 10'^
If all the electrons hit the 6 atoms, then the number of
(Neutrons) produced = 10̂ ^
If the number of in the foil = 10^
The ratio of populations of a n d ^ f 6  = 10 "
Now the ratio of populations and ^°^Pb = 10 '"  *10 '"
Hence, the secondary transitions to (secondary neutrons) does not
contribute much to the final neutrons production. These can be neglected without 
considerable error in calculation of final neutrons.
Now, the total number of neutrons produced in the foil was equal to the number of 
neutrons produced from the divided by the percentage fraction (1.4%) o f ^ f 6
isotopes in the foil.
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3.6. Number of Electrons Hitting the Target 
Accelerator data:
Beam Energy = E  MeV
Repetition rate = /H z
Actual Current = /  Amps
Actual Pulse width = t sec
Accelerator run time = T sec
Average Current:
The average current ( ) = Repetition Rate*Actual pulse
width®Actual current
Total Charge Hitting the Target: 
Charge hitting the target in T sec
Accelerator run
Electron charge
= Accelerator runtime® /„ 
= T® Coulombs 
= q Coulombs
Number of electrons hitting the Target:
The number of electrons hitting the target
roW cAarge
Ekctm nc/iarge
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3.7. Number of Neutrons Produced per Each Electron K tting  the Target 
Number of neutrons produced in the foil from
Pb-204 to Pb203 Transition = No. of Pb-203 Isotopes existing in the foil
=  jA )
Where A, = Activity of Pb-203 Isotope
A) =
BR = % Intensity of the y-(279) emissions
Number of Neutrons produced from Pb-204 = A,
Where
Total Neutron production from the foil
Neutrons produced per electron
H a y
ln(2)
= Half Life of Pbr203 Isotope
_  Neutrons form^^Pb 
% of ~^Pb in thefoil
_ ToW MO of MCMtroMf prodwced 
No.of eZgctroMf WfAe target
3.8. Particle Accelerator
The three fundamental components of particle accelerator are
1. Electron gun or ion source (according to the type of particle to be accelerated)
The particles to be accelerated are produced in this part of the accelerator and will be 
sent into the accelerating camber in the right phase by prebuncher and buncher.
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2. Target: This is one of the important parts in the accelerators, where the actual 
conversion takes place from the accelerated beam particles to the required particles. 









Fig. 3 Schematic diagram of a particle accelerator
3. Acceleration Chamber under High Vacuum
This is the main component of the accelerator where the particles get accelerated. The 
basic concept of resonance acceleration chamber in a linear accelerator is as follows:
The acceleration in linear accelerator is accomplished while the particle moving in 
straight line. The accelerating electric Beld, instead of single high-voltage drop as in 
static accelerators, is produced by a high-frequency oscillating voltage, whose value is 
relatively small with compared to the final energy of the particles. Repeated application 
of this voltage brings the required high-energy to the particles.
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Fig. 4 Accelerator (20 MeV Electron Beam LINAC)
Fig.5 Cross-sectional view of accelerating cavities of a 4 MeV linear accelerator
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The alternating electric field changes sign periodically in time. When applied to a 
charged particle, it will accelerate and decelerate the particles; hence there should be 
some means to shield the particles from the field when the field is unfavorable for 
acceleration. This can be achieved by providing the cylindrical electrodes (drift tubes), 
based on the fact that there is no electric field inside a hollow conductor, no matter what 
its potential is.
Since the particle have to spend the same interval of time (half cycle of oscillating 
voltage) inside each electrode, and their velocity increases as they gain energy, while the 
frequency is kept fixed, it follows that the length of the electrodes must increase 
accordingly.
The length of the electrodes depends up on the particle velocity with the following 
equation
(3.2)
W h ere/is  the frequency of the applied electric field.
The length of the n drift tube is
Where ^ is charge and m mass of the particle and V is the applied voltage.
Many particles, which enter the accelerating chamber when there is an unfavorable 
electric field, are lost, some of the particles enter the chamber at proper phase of the 
electric field and keep in step with it until they reach the final energy. These particles are 
called the resonance particles.
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The accelerators of light particle (proton, electron) require high frequencies for drift 
tubes of reasonable length. Hence magnetron, klystrons and special electron tubes, which 
can produce radio frequencies of hundreds of megacycles per second, are used to 
accelerate protons and electrons.
Fig. 6 Klystron for 20 MeV LINAC
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3.8.1. Relativistic Motion
According to the theory of relativity, a moving body cannot acquire a velocity greater 
than that of light in free space. According to this law the mass increases with the particle
velocity, the relation of mass with velocity is
m =-j=^& ==T (4.1)
f ¥
Where c is the velocity of hght and m ̂  is called the rest mass of the particle.
As seen from the formula the mass tends to an infinite value when v approaches the value 
c, thus making any further acceleration impossible with finite forces.
This theory establishes a relationship between mass and energy: any increase in 
energy brings about a proportional increase in mass, the coefficient of proportionality
being c ^ . If a particle initially at rest acquires the kinetic energy T, its mass will change
from m „ to m, according to the equation
T = m c ^ - m ^  c^ (4.2)
The terms m ^ c ^ , m c ^  are called the rest mass energy and total energies.
When the total energy is large with compared to rest mass energy the relativistic 
effects become more important. These effects appear in electrons of relatively low kinetic 
energies, since their rest energy is 0.511 MeV. A 2 MeV electron will have a total energy 
of 2.5 MeV that is five times its rest mass energy. Its velocity is -0.98c. Subsequent 
acceleration does not result in an appreciable change in velocity, but in an increase in
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mass. If the drift tube structure were chosen for an electron machine, the electrode length 
would be roughly same for all energies above 1 MeV.
3.8.2. Phase Stability
The voltage applied between two successive electrodes of a linear accelerator can be 
expressed as
y  = sin&y (4.3)
where time f is measured from the moment at which the voltage is zero and A/ is the 
angular frequency of the electric oscillation. The phase of the particle can be defined as 
the value of the angle (vary from 0 to 2Jt) at the time t at which the particle crosses 
an accelerating gap. The energy gain of a particle of charge q due to that particular 
crossing is
AW = ^ y ^  sin(|) (4.4)
It is clear that a particle in exact resonance with the electric field will have a constant 
phase during acceleration, corresponding to the energy gain for which the electrodes are 
designed. That is for successful acceleration the particle had to cross the gaps when the 
electric field is maximum or the phase had to be 90°. This arrangement is quite useful if 
just a few electrodes are required, becomes inefficient as the number of drift tubes , and 
consequently the energy increases. If the system of drift tubes is built instead to match a 
voltage of say
y=2/2 ym«(rin ^=2/2, 30°) (4.5)
the situation will be completely different as shown in Ag2. The particles keeping exact 
resonance with the accelerating field are called "synchronous". Therefore the particles
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having a constant phase will be distinguished by subscript 5 for all parameters
related to them. The late particle crossing a gap at time t, when V>Vs will start moving 
faster than the synchronous particle. Its next arrival to a gap will not be as late as before, 
and its energy will continue to increase above that of the synchronous particle, while its 
phase will approach the value % . After a few crossings the phase may become equal to 
%, but the particle will be already too fast and the phase will continue to decrease in 
subsequent crossings. But implies a smaller rate of energy gain than that of a
synchronous particle, which will in turn compensate the higher energy of the particle. 
Hence the particles out of resonance perform stable phase oscillations about the 
synchronous phase, which makes the whole process of acceleration successful.
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CHAPTER 4 
SIMULATION CODE (MCNPX )
Monte Carlo method:
Monte Carlo can be used to duplicate theoretically a statistical process (such as the 
interaction of nuclear particles with materials) and is particularly useful for complex 
problems that cannot be modeled by computer codes that use deterministic methods. The
individual probabilistic events that comprise the process are simulated sequentially. The 
probability distributions governing these events are statistically sampled to describe the 
total phenomenon. It actually follows each of many particles from a source throughout its 
life to its death in some terminal category (absorption, escape etc). Probability 
distributions are randomly sampled using transport data to determine the outcome at each 
step of its life.
MCNP:
MCNPX is based on MCNP4B. Monte Carlo N-particle transport code (MCNP) is a 
general purpose, continuous energy, generalized-geometry, time dependent, coupled 
neutron/photon/electron transport code. It can be used in several transport modes like 
neutron only, photon only, electron only, combined neutron/photon transport where the 
photons are produced by neutron interactions, neutron/photon/electron or
36
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electron/photon. The neutron energy regime is from 10 "  MeV to 20 MeV, and the 
photon and electron regimes are from 1 keV to 1000 MeV. It also has the capability to 
calculate for fissile systems. The following are the five main features of MCNP.
1. Nuclear data and reactions:
MCNP uses continues-energy nuclear and atomic data libraries. The primary 
sources of nuclear data are evaluations from evaluated nuclear data file (ENDF) 
system, the evaluated nuclear data Library (ENDL) and the Activation Library 
(ACTL) compilations from Livermore, and evaluations from the applied nuclear 
science (T-2) group from Los Alamos. Evaluated data are processed into a format 
appropriate for MCNP by codes such as NJOY.
Nuclear data tables exist for neutron interactions, neutron-induced photons, 
photon interactions, neutron dosimetry or activation, and particle scattering. Each 
data table is available to MCNP is listed on a directory Ele, XSDIR. We can
specify the specific data tables through unique identifiers for each table, called 
ZAIDs. In the 2LAIDs, Z stands for atomic number, A for mass number and ID for
library specifier.
2. Source speciEcations:
MCNP allows the user to specify wide variety of source condidons without 
having to make a code modiEcadon. Informadon about the geometrical extent of 
the source can also be given.
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3. Tallies and output:
User can instruct the MCNP to make various tallies related to particle current, 
particle Eux, and energy deposition. MCNP tallies are normalized to be per 
starting particle except for a few special cases with cnticality sources. Currents 
can be tallied across any set of surfaces, surface segments, or sum of surfaces in 
the problem. Charge can be tallied for electrons and positrons.
4. Estimadon of errors:
MCNP tallies are normalized to be per stardng pardcle and are printed in the
output accompanied by a second number R, which is the estimated relative error.
For a well-behaved tally, R will be propordonal to l /V ^  where N is the number 
of histories. Thus, to halve R, we must increase the total number of histories four
times. For a poorly behaved tally, R may increase as the number of histories 
increases.
5. Variance reducdon:
As noted in the previous secdon, R (reladve error) is propordonal to 1/Vjv , 
where N is the number of histories. For a given MCNP run, the computer dme T 
consumed is propordonal to N. Thus
R = c /V r
Where C is a posidve constant. The two ways to reduce R are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39
(1) Increase T and/or (2) decrease C. The Erst choice is limited by computer 
budgets. The MCNP has special variance techniques for decreasing C. The 
main MCNP variance techniques are a. Energy cutoff, Time cutoff. 
Geometry splitting with Russian roulette. Energy splitting/Russian roulette 
etc.
The users create an input Ele that is subsequently read by MCNP. The input Ele contains 
the following information
the geometry speciEcation,
the description of matenals and selection of cross-secEon evaluations, 
the location and charactensdcs of the neutron, photon, or electron 
source
the type of answers or tallies desired, and
the variance reduction techniques used to improve efficiency.
MCNPX:
MCNP does not contain cross-sections for Gamma, n reactions. Hence to find the 
photo-neutron producEon in any material, special codes like PINP (Photon Induced 
Neutron ProducEon) or ELEPHANT, can be used. The output of these special codes can 
be supplied as input to the MCNP, which will transport the neutrons.
MCNPX contains almost all features of MCNP, which can be used for most of the 
transport modes besides photo-neutron producEon.
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The lead target with 2-inch diameter and 5 inch depth has been divided into cylindrical 
discs of 0.27-inch thickness. Four lead foils each 2-inch diameter and 4*10'^ inch 
thickness were placed in between these discs. In this way we can accommodate the 
variations in the neutron production rate in linear and lateral directions of the target. 
These discs along with foils were kept together in an aluminum frame as shown in the 
figure 10. The lead target assembly was kept on a table aligning at the center of the beam 
axis as shown in the figure 9. A carbon collimator was kept between the accelerator 
window and the target. The electrons coming out of the accelerator window will be 
collimated by this carbon collimator to avoid the high energy and low energy electrons 
from the central electrons, which are at the specified energy. An induction loop to find 
the actual beam current hitting the target was kept between the collimator and the target. 
The target was grounded with the accelerator body for closing the electric circuit. The 
whole arrangement is shown in the following pictures.
The lead target was irradiated for 10 minutes. After the irradiation the target assembly 
was dissembled to take the activated foils to the gamma spectroscopy to measure the 
radioactivity in the foils. In the gamma spectroscopy the detector's bias voltage input is
40
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connected to high voltage supply and the power supply for the preamplifier (integrated 
part of detector in this case) is connected to power supply (regular), the signal output is 
connected the amplifier input. The amplifier output is connected to ADC and 
oscilloscope inputs. The output from ADC is connected to the multichannel analyzer and 
the data from the MCA is sent to computer for data analysis. The whole gamma 
spectroscopy arrangement is shown in f ig .ll.
Cduimator Diduduon Loop Dead target
Fig. 7 Electron Beam from 20 MeV WNAC Hitting Lead Target
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Fig. 8 Lead Target Assembly
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Fig. 9 Gamma Spectroscopy
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CHAPTER 6
MEASUREMENTS, CALCULATIONS AND RESULTS
6.1. EXPERIMENTAL RESULTS
The experimental calculations and results were presented in the chapter. The 
efficiency of the gamma deterctor, which was used to find the activity in the foils after 
the irradiation, number of electrons hitting the target, neutron production calculations 
based on the activity in the foils were shown in the following sections.
6.1.1. Relative Efficiency of the Detector:
Because of the finite volume of the detector crystal it can detect only part of the 
radioactivity in the foils. By using a source of known activity we can find the efficiency 
with which detector was able to find the activity of materials. ™ Ba source was used to 
find the relative efficiency of the detector, since the Barium is a gamma emitter with 
energy 276.388 keV, which is close to the energy of the gamma from the ^^Pb that is 
279 keV.
Details of the calibrated Ba source:
The activity of the Ba source at the time of
Calibration (A ̂  ) = 42.96 KBq
The date and time of calibration = 12.00PSTApril 1, 2002
44
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Half life
The intensity or Branching ratio(BR) of the 
Gamma 276.388 keV 
Time lapse between the day of finding the 
Efficiency and date of source calibration (t)







Number of counts recoded from Gamma
Spectroscopy in 600 sec. Period




The relative efficiency of the detector (e)
activify - timg - BR
_ 21750
"  41.4 103 -600 0.0709
= (101235
6.1.2. Number of Electrons Hitting the Target:
The charge hitting the target in each pulse was found from the induction loop. From 
accelerator control panels the pulse width and repetition rate of the electron beam were 
found. The total charge hitting the target was found by multiplying the repetition rate, 
charge in pulse and total run time of the accelerator. By knowing the total charge hitting 
the target and the charge of each electron the number of electrons hitting the target was
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found. The electrical signal showing the charge in each pulse from the induction loop is 




Charge in each pulse
(E )
(/)
Actual Pulse width (f)
Accelerator run time (T)
Number of electrons hitting the Target: 
Total Charge Hitting the Target:





(g) = 4.96*10  ̂ Coulombs
2*10"* sec 
600 sec
= 4.96*10 *60*600 Coulombs
= 1.7856*10 -3
= 1.6*10 Coulombs
Number of electrons hitting the Target:
The number of electrons hitting the target = ,
EZgctronc/i arg g(g)
_  1.7856 10- 
1.6 10^9
= 1.116*10'*
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Fig. 10 Beam pulse from green loop signal
6.1.3. Neutron production calculations:
The activity in the foils was found from a HPGe (high purity Germanium) detector. 
The measurements were made for 600 seconds for each foils, the area under the 279.2 
keV peak for each foil can be seen the following table. The gamma spectrum for each foil 
are shown in figs. 13,14,15 and 16. By using the number of counts, time of 
measurement and intensity of 279.2 keV gammas we can find the initial activity of the 
^3pb isotopes in the foils. By integrating the area under the exponential decay curve of 
^3pb isotopes we can find the total number of isotopes present in the foil. Each 
^3pb isotope represents one neutron production from ^  Pb isotope. Hence by using the
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neutron production from ^  Pb isotopes and percentage of ^  Pb isotopes in the lead we 
can find the total neutron production in the foils.
Data from detector
Foil Time of counting in Area under 279.2 keV
Number Position of Foils in Inches (Seconds) Peak




Intensity or Branching Ratio (B.R) of 279.2 keV 
Gammas from Pb Isotope 
Efficiency of the detector (e)
Half life of ^ P b  Isotope
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Foil 1:
Number of neutrons produced in the foil from
49
204 Pb isotope =Number of ^ P b  atoms = J A ,- «  d t
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Foü2:
The number of neutrons produced from all isotopes 





The number of neutrons produced from all isotopes 




The number of neutrons produced from all isotopes 
The number of neutrons produced per electron
2.683868*10'°
0.2942292*10-3































































Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
55
6.2. Simulation Results:
The input file for simulating the experiments is presented along with the neutron 
production results from the simulation. The input file contains the geometric description 
of the experiments, material description, source particle, tallies to get the required output 
from the simulation, and variance reduction statements to improve the efficiency of the 





1 1 - 1 1 . 3 -1 $ lead target.
2 1 -11.3 -2 $ lead foill.
3 1 - 1 1 . 3 -3 $ lead target.
4 1 - 1 1 . 3 -4 $ lead foil2.
5 1 - 1 1 . 3 -5 $ lead target.
6 1 - 1 1 . 3 -6 $ lead foil3.
7 1 - 1 1 . 3 -7 $ lead target.
8 1 - 1 1 . 3 -8 $ lead foil4.
9 1 - 1 1 . 3 -9 $ lead target.
10 0 - 1 0 1 2 3  4  5 6  7  8  9
11  0 10 
c Surface cards 
c Lead Cylinders
1 rcc 0 0 0 0 0 0.6858 2.54
2  r c c  0  0  0 . 6 8 5 8  0  0  0 . 0 1  2 . 5 4
3  r c c  0  0  0 . 6 9 5 8  0  0  0 . 6 8 5 8  2 . 5 4
4 rcc 0 0 1.3816 0 0 0 . 0 1  2 . 5 4
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5  r c c  0  0  1 . 3 9 1 6  0  0  0 . 6 8 5 8  2 . 5 4
6  r c c  0  0  2 . 0 7 7 4  0  0  0 . 0 1  2 . 5 4
7  r c c  0  0  2 . 0 8 7 4  0  0  0 . 6 8 5 8  2 . 5 4
8  r c c  0  0  2 . 7 7 3 2  0  0  0 . 0 1  2 . 5 4
9  r c c  0  0  2 . 7 8 3 2  0  0 1 0 . 0 0  2 . 5 4
1 0  r c c  0  0  - 1  0  0  1 4  5  
c Data cards
mode e p n
imp:e,p,nil 1 1 1 1 1  1 1 1 0  
c simulated LINAC beam, a circular disk
sdef par=3 cel 10 pos 0 0 -0.99 axs 0 0 1 rad d2 ext=0 vec 0 0 1 dir 1
erg=18
s i 2  0 . 6 3 5
sp2 -21 1
c Lead
m l  p n l i b = 9 9 u  8 2 2 0 6  - 2 4 . 4 4  8 2 2 0 7  - 2 2 . 9 4  8 2 2 0 8  - 5 2 . 6 4 7
phys:p 3] -1
c 4 point detectors around target 
fl5:n 4 0 1.0 0 . 1
e l 5  0 . 0 1  4 1  . 1  4 1  1  4 1  2  4 i  5  4 1  1 0  
f 2 5 : n  4  0  6  0 . 1
e 2 5  0 . 0 1  4 1  . 1  4 1  1  4 1  2  4 1  5  4 1  1 0
cut :e j 6.7 
cut:p j 6.7 
ctme 1200 
print
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Geometric plots of the Target in the Simulation:
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Fig. 15 Target Front view in simulation
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o r i g i n :
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Fig. 16 Target top view in simulation
Summary of Simulation Results:
The results from the MCNPX out put file were summarized in the following table. 
The neutron production in each cell (foils and discs) for dirigèrent isotopes of the lead 
were presented along with the average energy of the neutrons.
Simulation Results
cell cell nuclides atom avg photon neutrons neutronwgt Avg.neutron



















2 2 82206.99U 2.46E-01 O.OOE+00 529 2.30E-06 1.64E+00
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82207.99U 2.30E-01 7.15E+00 497 2.16E-06 1.77E+00
82208.99U 5.25E-01 6.75E+00 1124 4.88E-06 2.23E+00
9.33E-06
3 3 82206.99U 2.46E-01 8.67E+00 27933 1.21E-04 1.64E+00
82207.99U 2.30E-01 7.44E+00 27195 1.18E-04 1.80E+00
82208.99U 5.25E-01 9.09E+00 60415 2.62E-04 2.23E+00
4 4 82206.99U 2.46E-01 O.OOE+00 297 1.29E-06 1.58E+00
82207.99U 2.30E-01 7.04E+00 348 1.51E-06 1.84E+00
82208.99U 5.25E-01 6.96E+00 669 2.90E-06 2.17E+00
5.70E-06
5 5 82206.99U 2.46E-01 7.25E+00 16069 6.97E-05 1.64E+00
82207.99U 2.30E-01 7.35E+00 15447 6.70E-05 1.80E+00
82208.99U 5.25E-01 8.80E+00 35070 1.52E-04 2.21 E+00
6 6 82206.99U 2.46E-01 6.83E+00 180 7.81 E-07 1.70E+00
82207.99U 2.30E-01 7.21 E+00 151 6.55E-07 1.84E+00
82208.99U 5.25E-01 1.23E+01 382 1.66E-06 2.17E+00
3.09E-06
7 7 82206.99U 2.46E-01 7.97E+00 9587 4.16E-05 1.65E+00
82207.99U 2.30E-01 7.39E+00 9059 3.93E-05 1.80E+00
82208.99U 5.25E-01 8.75E+00 20302 8.81 E-05 2.24E+00
8 8 82206.99U 2.46E-01 6.91 E+00 91 3.95E-07 1.45E+00
82207.99U 2.30E-01 6.88E+00 120 5.21 E-07 1.67E+00
82208.99U 5.25E-01 O.OOE+00 237 1.03E-06 2.21 E+00
1-94E-06
9 9 82206.99U 2.46E-01 7.66E+00 13482 5.85E-05 1.63E+00
82207.99U 2.30E-01 7.21 E+00 13343 5.79E-05 1.79E+00
82208.99U 5.25E-01 8.00E+00 30485 1.32E-04 2.21 E+00
Number of neutrons produced per electron in each foil(l/100th of cm) :
The total number of neutrons per electron produced is the some of the 
neutrons produced per electron from each isotope of the lead. The total number of 
neutrons produced per electron from each foil are as follows:
Foill:
Number of neutrons produced per electron = 9.33e-06 
Fod2:
Number of neutrons produced per electron = 5.7e-6
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Foil3:
Number of neutrons produced per electron = 3.09E-06 
Foil4:
Number of neutrons produced per electron = 2.61E-06
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CHAPTER?
SUMMARY OF RESULTS 
The following table gives the summary of results obtained from the experiments and 
simulations which are expressed in terms of the number of neutrons produced per 
incident electron (neutron/electron) in 1/100 cm thickness. The results below document 
the number of neutrons produced in each isotope of lead (206, 207, and 208) and into 
each of the 9 cells that the target was divided. Neutron activation foils were located at 
four points within the target. The results from each foil were compared to the predicted 
neutron production as shown in the table below.
Simulation 
Neutron wgt
cell Nuclides Atom Neutrons Produced
name fraction produced
in 1/100 cm 
thickness energy
1 82206.99U 2.46E-01 42023 1.82E-04 1.64E+0
82207.99U 2.30E-01 40037 1.74E-04 1.81E+0
82208.99U 5.25E-01 91587 3.98E-04 2.23E+0
2 82206.99U 2.46E-01 529 2.30E-06 1.64E+0
82207.99U 2.30E-01 497 2.16E-06 1.77E+0
82208.99U 5.25E-01 1124 4.88E-06 2.23E+0
3 82206.99U 2.46E-01 27933
9.33E-06
1.21E-04 1.64E+0
82207.99U 2.30E-01 27195 1.18E-04 1.80E+0
82208.99U 5.25E-01 60415 2.62E-04 2.23E+0
4 82206.99U 2.46E-01 297 1.29E-06 1.58E+0
Experimental 
Neutron 
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82207.99U 2.30E-01 348 1.51 E-06 1.84E+0
82208.99U 525E-01 669 2.90E-06
5.70E-06
2.17E-H0
5 82206.99U 2.46E-01 16069 6.97E-05 1.64E+0
82207.99U 2.30E-01 15447 6.70E-05 T80E+0
82208.99U 5.25E-01 35070 1.52E-04 2.21 E+0
6 82206.99U 2.46E-01 180 7.81 E-07 L70E+0
82207.99U 2.30E-01 151 6.55E-07 1.84E+0
82208.99U 5.25E-01 382 1.66E-06 
3.09E-06
2.17E+0
7 82206.99U 2.46E-01 9587 4.16E-05 1.65E+0
82207.99U 2.30E-01 9059 3.93E-05 1.80E+0
82208.99U 5.25E-01 20302 8.81 E-05 2.24E+0
8 82206.99U 2.46E-01 91 3.95E-07 1.45E+0
82207.99U 2.30E-01 120 5.21 E-07 1.67E+0
82208.99U 5.25E-01 237 1.03E-06 
1.94E-06
2.21 E+0
9 82206.99U 2.46E-01 13482 5.85E-05 1.63E+0
82207.99U 2.30E-01 13343 5.79E-05 1.79E+0




The lead activation foils were used to measure the neutron flux through various 
portions of the lead target. The radioactivity of each foil was measured and the neutron 
flux was obtained. The measured neutron flux was compared to MCNPX simulations as 
shown below. The error between measured flux and values obtained from numerical 
simulations ranged from 1% to just over 25%.
Foil No. Foil Position Simulation Results Experimental % error
(cm) (neutrons/electron-cm) (neutrons/electron-cm)
1 0.6858 9.33E-04 9.43E-04 -1.0604
2 1.45118 5.70E-04 6.30E-04 -9.5238
3 2.14698 3.09E-04 4.13E-04 -25.182
4 2.84278 1.94E-04 2.40E-04 -19.167
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Uncertainty Analysis
The uncertainty in the Anal measured neutron flux within the lead target was affected 
by errors in the gamma spectroscopy system, errors in measurement of the volume of the 
foils, and uncertainty in time. The halflife of the lead isotope used in the neutron 
activation foils was 2.1615 days and the uncertainty in the time from irradiation to 
measurement was determined. The measurement uncertainty was calculated using the 
Kline and McClintock method^.
Uncertainty in the Gamma Spectroscopy System 
From the gamma spectroscopy system, the uncertainty in each reading was reported 
on the system display. The number of counts within a 600 second sampling time interval
with the corresponding uncertainty are listed below for each foil:





Uncertainty in the Volume of the Foils 
The uncertainty in the volume of each foil is based on the error in the vernier calipers 
used to measure the height and diameter of these thin, circular pieces of lead foil. The
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caliper uncertainty was 0.0003 cm. A summary of the calculations used to assess the 
uncertainty in foil volume is presented below:
Diameter of the foil (D) = 5.08 ± 0.0003 cm
Thickness of the foil
Volume of the foil
Uncertainty in Volume







where up, uy are the uncertainties in diameter and thickness.
The number of Pb-204 atoms in the foil and the corresponding uncertainty are calculated 
below:
Density of lead (p) = 11.3 g/ cm^
Percentage of Pb-204 in natural lead (%Pb-204) = 1.4 
Mass number (Aw) = 204
Avogadro's number
Number of Pb-204 isotopes in the foil (Ni)
(Av) = 6.02 * 1023
.y .% P 6 -2 0 4
Uncertainty in rinding the number of Pb-204
Atoms
= 9.462 * 1019
(UNl) (%P6"°*)
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=^1839.10 18
Uncertainty in the Time Since Irradiation 
The time that elapses between irradiation and the subsequent measurement of the foils 
in the gamma spectroscopy system is subject to uncertainty. The uncertainty analsyis 
regarding this time interval is documented below:
Time Interval, Irradiation to Measurement (t)
Halflife of Pb-203 isotopes
Decay constant Pb-203
Microscopic cross-section of Pb-203 
Neutron flux from the foils
Uncertainty in lapsed time 
Uncertainty in neutron flux from foils(uq))
(X)






2.1615 * 24 * 60 * 60 
= 3.711. 10^ (1/seconds) 





= 9.68. 10'° n/cm^-s
dA
1 / 2
Uncertainty in Calculation of the Neutron Flux 
Time of measurement of the radioactivity (T) = 600 seconds
Cross sectional area of the foils (a)
Uncertainty in area calculation (Ug) = —
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2.39 * 10'^ cm-
Number of neutrons emanating&
out of the foils (N) =
%Pb - 204
= 4.159 * lO'^
Uncertainty in neutron measurement (uN) =
% Pb-204 
= 8.411 * 10'^
Percentage error in measuring the number of
neutrons = -^ .1 0 0
N
=  20.22%
Similarly we can find the uncertainty for all the foils.
The uncertainties in number of electrons generated by the accelerator as a function of 
time were on the order of 2%, a magnitute of order lower than the measurement 
uncertainty. Uncertainties in MCNPX results other than crosssections were 2.5 
percentage which are not visible in the plot as error bars.
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0.5 1 1.5 2 2.5
Position of foils in cm
Fig. 17 Comparison between MCNPX and Experimental Results
By integrating the area under the curves from the above graph we can find the neutron
yield (neutrons/electron) for the total volume of the target from which the deviation of the 
simulation from experimental production can be found.
Percentage deviation of MCNPX results from Experimental Results 
The neutron production from MCNPX
in target thickness from 0.5 to 3 cm = j(-0.00009629)+0.00156*g(-^^''^))dk
0.5
=1.2469E-3 neutrons/electron
The neutron production from experiments
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in target thickness from 0.5 to 3cm = j  (-0.00037659) + 0.00168
Percentage deviation of MCNPX from
0.5
= 1.3996E-3 neutrons/electron
experimental results (1.3996E -  3) -  (1.24687E -  3) 
1 .3996E -3
= 10.91
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CHAPTER 8
CONCLUSIONS AND COMMENTS 
The research conducted for this project included an experimental verification of the 
ability of an electron accelerator to produce neutrons for potential use in a transmuter.
The experimental results were also used to verify the [y,n] cross-sections for lead by 
conducting a series of MCNPX simulations. MCNPX will be an important tool in the 
design of transmuters and verification of its ability to predict neutron production rates is 
essential.
A summary of other observations from the experiments and numerical simulations 
include:
1. High-Z materials like lead and bismuth are good as target materials for neutron 
production because of their high bremsstrahlung production and low neutron 
emission threshold energies.
2. Using the activation foils is an efficient way in finding the neutron production 
from the target of high-Z materials irradiated by electron beam.
3. MCNPX simulation results for photo-neutron production are in good agreement 
with experimental results. The error between simulations and experiments can be 
attributed to the following reasons:
a. Uncertainty in the measurement of exact number of electrons hitting the 
target.
69
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b. There is uncertainty in the measurement of the activity of the foils, which 
is affected by the difference in the geometries of the calibrating source and 
foils.
c. The probable errors in the target material cross sections in MCNPX also 
affect the results from the simulations.
d. Errors associated with the gamma spectroscopy, such as dead time, pileup 
etc.
4. MCNPX is a powerful tool in predicting the photoneutron production.
5. Neutron yield of -10^^ neutron/sec is possible to produce using electron beam 
linear accelerator. By increasing the beam power it is possible to achieve the 
required yield of > 10^  ̂ neutron/sec for the proposed subcritical reactor 
program.
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Photonuclear Threshold Energies for Selected Nuclides
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(Y ^ ) (Y ,p) (Y ^ n ) (Y ^ n ) (Y 4 ip ) (Y ,f)
Kef(s)
iH ' 99.985 — - -- — — - 15
0.015 2.2 “ — -- - — 15
0.0001 - -- -- -- — - 15
iH e '' 99.9999 20.6 19.8 263 6U 286 ” 15
sL i^ 7.4 5.7 4.6 27.2 3.7 26.4 - 15
s L i ' 92.6 7.3 10.0 12.9 113 336 — 15
4B e^ 100.0 1.7 16.9 20.6 169 296 -- 15
19.6 8.4 6.6 27D 63 236 - 15
5 8 '^ 80.4 11.5 11.2 193» 160 30.9 -- 15
98.9 18.7 160 31.8 27.4 27.2 " 15
o C '" 1.1 4.9 17.5 23.7 20.9 31.6 - 15
vN^'̂ 99.6 10.6 7.6 306 126 25.1 -- 15
? N '^ 0.4 10.8 10.2 216 186 31.0 -- 15
99.8 15.7 12.1 283» 23.0 22.3 15
100.0 10.4 60 19.6 160 23.9 - 15
i iN a ^ 100.0 12.4 6 8 236 19.2 24.1 - 15
iz M g ^ 78.7 16.5 11.7 29.7 24.1 206 — 15
iz M g ^ 10.1 7 J 12.1 233 19.0 22.6 -- 15
l l j t 11.1 161 164 23.1 24.8 — 15
13A I " ' 100.0 13J 63 246 196 226 — 15
M S i^ 92.2 17.2 11.6 30.5 246 19.9 - 15
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(Y ^ ) (Y ,P) (Y ^ n ) (Y ^ n ) (Y 4 ip ) (Y f)
TtefW "
4.7 8 6 126 25.7 20.1 21.9 - 15
3.1 103 136 19.1 22.9 24.0 - 15
100.0 126 76 233 17.9 203 - 15
95.0 15.1 69 261 216 16.2 -- 15
q 34
16^ 46 116 103 20.1 21.0 206 - 15
993 93 12.5 166 20.6 223 -- 15
93.1 13.1 6 6 256 186 163 -- 15
69 161 73 173 17.7 206 -- 15
2oC a"^ 97.0 153 8 6 29.0 216 14.7 — IS
2o C a ^ 2.1 11.1 126 19.1 213 213 - 15
100.0 116 63 21.0 18.0 19.1 — 15
60 13.2 10.4 22.7 21.7 17.2 -- 15
22T i^ ' 76 83 106 22.1 196 18.7 -- 15
22Ti"*^ 73.9 113 116 206 22.1 193 -- 15
22T i"^ 56 8.1 116 193 19.6 203 -- 15
22T Î"" 5.3 103 126 19.1 22.3 213 -- 15
23 V " 06 9.3 73 203 16.1 196 -- 15
23V ''' 99.8 11.1 61 206 19.0 206 — 15
24Cr^" 46 123 93 23.6 21.1 166 — 15
24Cr^^ 833 12.0 106 216 21.6 18.6 -- 15
2 4 (Y " 96 7.9 11.1 20.0 186 20.1 -- 15
2 4 C l^ 2.4 9.7 126 17.7 203 223 — 15
2sM n^^ 100.0 106 61 196 173 206 -- 15
2 6 p e ^ 53 136 69 24.1 20.9 156 — 15
26Fe^"^ 91.7 116 106 206 206 186 -- 15
2 6 F e '' 2.2 73 10.6 183 173 19.6 - 15
27Co"^ 100.0 106 76 193 176 196 " 15






(Y,n) (Y,P) (Y»2n) (Y^n) (Y41P) (Y^
kef(s)
673 126 86 223 193 146 -- 15
266 11.4 93 206 20.0 163 - 15
2sNi^' 16 73 93 196 176 181 -- 15
2sNi''" 3.6 10.6 11.1 186 203 19.9 -- 15
2sN i^ 1.1 9.7 123 163 203 — — 15
29Cu'' 69.1 103 6.1 19.7 16.7 176 - 15
29Cu''^ 30.9 9.9 76 173 17.1 20.0 — IS
3oZn^ 483 113 7.7 21.0 183 133 - 15
3oZn^ 273 11.1 83 19.0 183 166 -- 15
3oZn̂ '̂ 4.1 7.1 83 181 16.0 176 -- 15
soZn"^ 186 106 10.0 176 19.1 18.5 -- 15
32Ge'̂ ^ 20.5 11.5 83 20.0 183 15.1 — 15
32Ge'" 276 10.7 9.7 186 19.0 173 — 15
32Ge^^ 73 63 10.0 17.5 163 18.5 — 15
3 2 G e^ '' 36.5 106 11.0 17.0 20 .2 193 — 15
32Ge^^ 7.8 96 12.0 153 20.7 -- - 15
33As'^ 100.0 106 63 186 17.1 173 -- 15
34Se '̂' 9.0 11.1 93 196 19.8 166 -- 15
34Se^/ 7.6 76 93 183 189 176 -- 15
34Se'* 23.5 103 106 17.9 20.1 184 - 15
34Se^ 493 93 116 163 206 203 " 15
34Se'̂ ^ 96 96 126 163 216 - -- 15
37Kb*" 726 103 7.0 19.4 173 17.7 - 15
37Rb*'' 273 93 83 183 183 203 -- 15
3sSr''^ 93 113 93 20.0 20.1 163 - 15
3 gSr'^ ' 7.0 86 96 19.9 186 180 -- 15
3 gS r'''' 82.6 11.1 103 193 203 196 " 15
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(Y4i) (Y,P) (Y,2n) (Y,2n) (Y4*P) (Y,f)
kef'(s)
3 9 Y '^ 100.0 113 7.1 203 186 17.7 - 15
4 o Z r ^ 513 160 86 216 193 15.4 - 15
4oZr^* 116 76 87 196 153 166 -- 15
4oZ r''^ 17.1 8.6 96 15.8 176 17.1 — 15
4 o Z i ^ 176 86 106 143 17.8 183 -- 15
4 o Z r ^ 23 73 11.5 146 183 216 - 15
4 iN b ^ ^ 100.0 83 63 16.7 14.7 156 - 15
4 2 M 0 ^ '' 153 12.7 73 223 193 123 — 15
4 z M o ^ 9.1 9.7 83 17.7 176 143 " 15
4 2 M o ^ 15.7 76 83 17.0 153 156 -- 15
4 2 M o ^ 16.5 96 96 16.5 173 16.1 -- 15
4 2 M o ^ ^ 93 63 96 163 166 163 -- 15
4 2 M 0 ^ 233 86 93 153 173 176 -- 15
4 s R h '' '^ 100.0 96 66 163 15.4 166 - 15
4 6 P d '" -' 1.0 103 7.8 183 17.7 136 15
4 6 ? d '" ^ 11.0 10.0 87 173 180 14.9 - 15
4 6 ? d '" ^ 226 7.1 83 17.1 153 15.7 — 15
4 6 P d '" ^ 276 93 96 16.6 186 166 - 15
4 6 P d '" * 26.7 96 10.0 153 183 173 " 15
4 6 ? d '^ " 113 83 103 15.0 187 196 - 15
4 ? A g '" ^ 51.4 93 5.8 17.5 156 156 -- 15
4 7 A g '" " 486 96 63 163 15.7 166 -- 15
4g C d '^ " 126 93 89 176 181 156 -- 15
4g C d ' ' ' 123 73 9.1 163 153 166 -- 15
4 s C d '^ ^ 24.1 96 9.6 166 183 163 -- 15
4 s C d '^ '' 126 63 93 153 166 173 “ 15
4gCd^^'^ 28.9 9.0 106 153 183 186 — 15
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(Y ,n) (Y ,P) (Y ,2 n ) (Y ^ n ) (Y ,n p ) (Y ,f)
" W s)
4g C d ''^ 7.6 8.7 11.1 14.8 19.1 -- - 15
4 9 ln ''" 46 96 6.1 17.1 153 15.7 — 15
4 9 ln '^ " 95.7 9.0 63 166 153 17.1 - IS
5 o S n "^ 1.0 10.8 73 19.0 17.6 12.9 - IS
5oSn^^"' 146 9.6 96 17.1 ^ 186 16.1 -- 15
7.6 63 96 16.5 166 16.9 -- 15
5oSn*'*^ 24.0 96 10.0 166 188 173 -- 15
5oSn^^^ 86 63 93 153 163 186 — 15
5oSn'""^ 32.9 9.1 10.7 15.6 193 19.0 - 15
5 o S n ^^ 4.7 83 116 15.0 193 -- - 15
5 o S n '"^ 5.9 83 12.1 146 206 - - 15
5 iS b '" ' 57.2 96 53 16.3 143 163 -- 15
5 iS b '" " 423 9.0 6.6 153 156 180 -- 15
52 T e'^" 2.5 93 8.0 17.0 17.3 133 -■ 15
5 2 T e '^ 4.6 9.4 83 166 17.5 15.2 - 15
s z T e '^ 7.0 6.6 8.7 16.0 15.2 15.8 -■ 15
5 2 T e^ ^ 187 9.1 9.1 15.7 17.8 166 - 15
313 83 9.6 15.1 180 173 -- 15
5 2 T e '^ 34.5 84 10.0 143 18.0 18.5 -- 15
53I '" ' 100.0 9.1 66 166 15.3 156 -- 15
5 5 C S '^ ' 100.0 9.0 6.1 166 15.0 156 -- 15
2.4 93 86 16.7 176 146 -- 15
56B a^ '" 6.6 7.0 86 166 15.1 188 -- 15
56B a'"^ 73 96 8.5 16.1 17.4 15.4 -- 15
5 6 B a ''' 116 89 87 180 156 153 — 15
ss B a '" " 71.7 86 9.0 153 176 166 -- 15
57L a* '" 99.9 83 66 181 143 156 -- 15
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( Y 4 : ) (Y ,P ) ( Y ^ n ) ( Y ^ n ) ( Y ,n p ) (Y ,f )
R a w
5 g C e ^ ^ 883 92 81 16.7 16.9 146 -- 15
11.1 72 8.8 123 153 153 -- 15
100.0 96 52 17.3 14.4 136 -- 15
G oN d '''" 27.1 93 72 173 16.6 12.5 - 15
6oN d^''" 112 6.1 7.5 153 136 13.1 - 15
e o N d ''^ 233 73 80 133 156 133 " 15
86 5.7 80 133 13.7 14.4 -- 15
6 o N d '^ 17.2 73 86 136 15.5 15.1 -- 15
60N d^"" 5.6 7.4 93 126 163 173 — 15
6 z S m '^ 3.1 10.6 66 193 162 10.6 - 15
62S m ^*' 15.0 6 6 7.1 143 136 126 -- 15
6 2 S m ''^ 116 81 73 14.5 156 13.0 -- 15
62Sm''**^ 133 5.9 7.6 14.0 133 133 -- 15
6 2 S m '"" 7.4 83 86 133 153 142 - 15
62Sm '^'^ 26.7 86 8.7 133 16.6 15.7 - IS
6 2 S m '^ 22.7 80 9.0 133 163 189 — 15
6 3 E u '^ ' 473 83 43 146 123 132 - 15
63Eu^^^ 522 83 5.9 143 142 143 - 15
6 4 G d '"^ 2.1 8.7 73 15.1 162 133 " 15
64G d '"^ 14.7 66 7.6 15.1 14.1 14.1 - 15
64G d '^^ 203 8 3 80 15.0 162 14.7 -- IS
6 4 G d '" ' 15.7 6.4 83 14.9 146 152 - 15
64G d '^^ 243 7.9 83 146 180 153 - 15
w G d ^ ^ 213 73 96 136 16.0 -- — 15
100.0 81 6.1 143 14.0 143 — 15
100.0 83 62 14.7 133 143 " 15
1.6 8.9 63 153 156 126 -- 15
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(Y 4 * ) ( Y ,P ) ( Y ,2 n ) ( Y ^ n ) ( Y ,n p ) ( Y ,0
lW(s)
6 s E r ' ^ 336 85 76 15.1 156 133 15
22.9 6.4 7.5 143 13.8 146 15
27.1 73 80 146 156 15.0 15
143 7.3 8.6 136 156 - 15
7 i L u ' ' " 976 7.7 5.5 146 13.0 133 15
7 3 T a " * ' 100.0 7.6 5.9 146 136 133 15
266 81 7.1 14.7 14.7 13.0 15
7 4 W '* "
14.4 6.2 146 136 133 15
7 4 ^ ^ ^ *
303 7 .T " ...... ■"TT ........ - 3 3 ? 14.6 146 15
74 W ' * "
..........2 8 ? 7.2.............. 8 4 ..... 13.0 ........ 152 15
T o A n ^ ^
100.0 81 5.8 14.7 13.7 "13.9" 15
82P b^ "^
1.5 8.4 6 .6 15.2 146 126 15
s z P b ^ ^
'" 2 3 3 " 81 ' 7 6 ' .............. 143 143 13.7 15.....
82Pb^"^
223 87 ■ 7 3  . ....... “TCS............ . 14.0 T4T 15.........
82P b^ "^
........~5TT 7.4 8.0 14.1 189 15.4 15
83B i" " ^
100.0 73 33 146 T O ' ..... T i : s 15
9 o T h ^ '^
100.0 6.4 ..7 3 .............. 113 13.7 " ' 13.7............ 6.0 15,16
0.7 56 6.7 12.1 ' T O " ...... 12.4 53 "156% ""
993 6.1 7.7 "116--------- 133 5.8 ....... 15,16
9 3 N p ^ " '
6.6 4.9 1 2 6 ........ 116 12.0 6.0 15,16.....
94P U ' ' '
53 5.6 I 5 J 8








Calibration Sheet for Ba-I33 Source
CERTIFICATE OF CALIBRATION
MODEL CAL2S00 GAMMA STANDARD
RmdlonwWW#:
SeW N u m b#n
PRINCfALBimSNONŜ




10.54 ±  0.03 yo M





















1 mm plastic 
1 mm plastic
The source was calibrated on a high purity germanium detector against a Ba-133 standard at 3 ^ .9 %  keV. The 
activity of the standard was determined using an efficiency eetebBehed end verified through ongoing 
htsfcompariscms wtfft the National Institute of Standards end Technology. This standard is indirectly (implicitly) 
tra^aW e to the National Institute of Standards and Technology.
North American Scientific, Inc. par& ^atas in the Radioactivity Measurements Assurance Program conducted by 












(1) T atatertllM cadivs iMtaaiMi, Tin «xeon. 1988.
April 12.2002
Date
.LEAK TEST CERTIFICATION ON REVERSE.
NorthAmediaimSdenMIc,he. 7435QreenhuehA*.,Nor*Ho#yiwod,(*916(15 (818)734-3600 Fax(818)734-5200
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BRANCHING RATIO FOR 279.2 keV ys FROM Pb-203
4 6 .6 1 2  d  
5 2 : ___________ a
“ Hg




100% 6.5 _  3/2+
<4x1(k3%>12.0' 1/2+
r r - > -
“ iTI
5 1 .8 7 3  h  
5 2 : __________a
2 0 3 p b  '
O g Q = 9 7 5  
.580,518 _4.8% 6 8 j
278 ps 279.1970 ,95.2% 6.4
S ta b le
_P , <2% >8.9'
















OUTPUT FILE FROM THE SIMULATION
3  Imcnpx version 2 . 4 . j  ld=Mon Mar 25 08:00:00 MST 2002 10/31/02 17:20:13




Copyright Notice for MCNPX
* This program was prepared by the Regents of the 
Q. * University of California at Los Alamos National
^  * Laboratory (the University) under contract number
* W-7405-ENG-36 with the U.S. Department of Energy
* (DOE). The University has certain rights in the
* program pursuant to the contract and the program
* should not be copied or distributed outside your
* organization. All rights in the program are
* reserved by the DOE and the University. Neither 
Q. * the U.S. Government nor the University makes any
g * warranty, express or implied, or assumes any
5  * liability or responsibility for the use of this
0 * software.






2- c cell cards
3- 1 1 -11.93 -1 $ lead target
4- 2 1 -11.93 -2 $ lead foill.
5- 3 1 -11.93 -3 $ lead target
6- 4 1 -11.93 -4 $ lead foil2.
7- 5 1 -11.93 -5 $ lead target
8- 6 1 - 1 1 . 9 3 -6 $ lead f o i l s .
9 - 7 1 -11.93 -7 $ lead target





































































9 1 - 1 1 . 9 3
10  0
11  0
-9 $ lead target.




rcc 0 0 0 0 0 0.6858 2 . 5 4




rcc 0 0 0.6958 
rcc 0 0 1.3816 
rcc 0 0




0 2 . 0 8 7 4  0
10 rcc 0 0
2 . 7 7 3 2  
2 . 7 8 3 2  
1 0 0 14
0 . 6 8 5 8  
0 . 0 1  2 
0 . 6 8 5 8  
0 . 0 1  2 
0 . 6 8 5 8  
0 0 . 0 1  2 













c Data cards 
mode e p n
imp:e,p,n 1 1 1 1 1 1 1 1 1 1 0  
c simulated LINAC beam, a circular disk
sdef par=3 c e l  10  pos 0 0 -0.99 axs 0 0 1 rad d2 ext=0 v e c  0 0 1 dir 1 erg=18 
ext is constant. in most problems it is a variable. 
s i 2  0 . 6 3 5  
sp2 -21 1 
c Lead
m l p n l ib = 9 9 u  8 2 2 0 6  - 2 4 . 4 4  8 2 2 0 7  - 2 2 . 9 4  8 2 2 0 8  - 5 2 . 6 4 7
phys:p 3 j -1
c 4 point detectors around target 
fl5:n 4 0 1.0 0.1 
el5 0 . 0 1  4i .1 4i 1 4i 2 41 5 4i 10
f25;n 
e 2 5  0.
cut : e
4 0 6 
01 4i 
i  6 . 7
0 . 1  
. 1  4 i 1 41 2 4 i  5 41 10









2.1 are the same.
3.1 are the same. 
4 .1 are the same.
2.1 will be deleted.
3.1 will be deleted.


































surface 1.1 and surface 5.1 are the same. 5.1 will be deleted
surface 1.1 and surface 6.1 are the same. 6 . 1 will be deleted
surface 1.1 and surface 7.1 are the same. 7.1 will be deleted
surface 1.1 and surface 8 . 1 are the same. 8 . 1 will be deleted
surface 1.1 and surface 9.1 are the same. 9.1 will be deleted
surface 1.2 and surface 2.3 are the same. 2.3 will be deleted
surface 2 . 2 and surface 3.3 are the same. 3.3 will be deleted
surface 3.2 and surface 4.3 are the same. 4.3 will be deleted
surface 4.2 and surface 5.3 are the same. 5 . 3 will be deleted
surface 5 . 2 and surface 6.3 are the same. 6.3 will b e deleted
surface 6 . 2 and surface 7.3 are the same. 7.3 will be deleted
surface 7.2 and surface 8 . 3 are the same. 8 . 3 will be deleted
surface 8 . 2 and surface 9.3 are the same. 9.3 will be deleted
warning. 16 surfaces were deleted for being the same as others
1source
















axs O.OOOOE+00 O.OOOOE+00 1.OOOOE+00








































order of sampling source variables, 
cel axs rad ext pos vec dir erg tme 
Itally 15







O.OOOOOE+00 to l .OOOOOE-02 mev
l.OOOOOE-02 to 2 . 8 0 0 0 0 E - 0 2 mev
2 . 8 0 0 0 0 E - 0 2 to 4 . 6 0 0 0 0 E - 0 2 mev
4.60000E-02 to 6.40000E-02 mev
6 . 4 0 0 0 0 E - 0 2 to 8 . 2 0 0 0 0 E - 0 2 mev
8 . 2 0 0 0 0 E - 0 2 to 1.OOOOOE-01 mev
l .OOOOOE-01 to 2 . 8 0 0 0 0 E - 0 1 mev
2 . 8 0 0 0 0 E - 0 1 to 4.60000E-01 mev
4.60000E-01 to 6 . 4 0 0 0 0 E - 0 1 mev
6 . 4 0 0 0 0 E - 0 1 t o 8 . 2 0 0 0 0 E - 0 1 mev
8 . 2 0 0 0 0 E - 0 1 to l.OOOOOE+OO mev
1.OOOOOE+00 to 1.20000E+00 mev
1.20000E+00 to 1 . 4 0 0 0 0 E + 0 0 mev
1 . 4 0 0 0 0 E + 0 0 to 1 . 6 0 0 0 0 E + 0 0 mev
1 . 6 0 0 0 0 E + 0 0 to 1 . 8 0 0 0 0 E + 0 0 mev
1 . 8 0 0 0 0 E + 0 0 to 2.OOOOOE+00 mev
2 . 0 0 0 0 0 E + 0 0 to 2 . 6 0 0 0 0 E + 0 0 mev
2.50000E+00 to 3 . 2 0 0 0 0 E + 0 0 mev
3.20000E+00 to 3 . 8 0 0 0 0 E + 0 0 mev
3.80000E+00 to 4 . 4 0 0 0 0 E + 0 0 mev
4.40000E+00 to 5 . 0 0 0 0 0 E + 0 0 mev


















6.00000E+00 to 7 . 0 0 0 0 0 E + 0 0 mev
7.00000E+00 to 8.00000E+00 mev
8.00000E+00 to 9.00000E+00 mev






5 particle flux at a point detector. 
: neutron
point detector specifications 
detector x





















O.OOOOOE+00 to l .OOOOOE-02 mev
1 .OOOOOE-02 to 2. BOOOOE-02 mev
2 . 8 0 0 0 0 E - 0 2 to 4 . 6 0 0 0 0 E - 0 2 mev
4 . 6 0 0 0 0 E - 0 2 to 6.40000E-02 mev
6.40000E-02 to 8.20000E-02 mev
8.20000E-02 to 1.OOOOOE-01 mev
l.OOOOOE-01 to 2 . 8 0 0 0 0 E - 0 1 mev
2.80000E-01 to 4.6ODO0E-O1 mev
4.60000E-01 to 6.40000E-01 mev
6.40000E-01 to 8.20000E-01 mev
8 . 2 0 0 0 0 E - 0 1 to l.OOOOOE+OO mev
l.OOOOOE+OO to 1.20000E+00 mev
1.20000E+00 to 1.40000E+00 mev
1.40000E+00 to 1.60000E+00 mev
1.60000E+00 to 1 . 8 0 0 0 0 E + 0 0 mev
1 . 8 0 0 0 0 E + 0 0 t o 2 . 0 0 0 0 0 E + 0 0 mev
2.00000E+00 to 2.60000E+00 mev
2 . 6 0 0 0 0 E + 0 0 to 3 . 2 0 0 0 0 E + 0 0 mev
3 . 2 0 0 0 0 E + 0 0 to 3.80000E+00 mev
3.BOOOOE+00 to 4 .40000E+00 mev
4.40000E+00 to 5 . 0 0 0 0 0 E + 0 0 mev
5 . 0 0 0 0 0 E + 0 0 to 6 . 0 0 0 0 0 E + 0 0 mev
6.00000E+00 to 7.00000E+00 mev
7 . 0 0 0 0 0 E + 0 0 to 8.00000E+00 mev
8.00000E+00 to 9 . 0 0 0 0 0 E + 0 0 mev
9.00000E+00 to 1.OOOOOE+01 mev
total bin
warning. there are only neutron tallies in this problem. 















the sum of the fractions of material 1 was 1.000270E+02
material
number component nuclide, atom fraction














component nuclide, mass fraction
8 2 2 0 6 ,  2 . 4 4 3 3 4 0 2 9 8 1 2 E - 0 1  8 2 2 0 7 ,  2 . 2 9 3 3 8 0 7 8 7 1 9 E - 0 1
1 materials had unnormalized fractions, print table 40.


























ielas ipreq iexisa ichoic jcoul nexite
2 1 1 23 1 1
npidk noact 
0 1














flenb(i),i=l,6 ctofe f limO
3.4900E+03 3 . 4 9 0 0 E + 0 3  2 . 4 9 0 0 E + 0 3  2 . 4 9 0 0 E + 0 3  8.0000E+02 8.0000E+02 - 1 .OOOOE+00 -l.OOOOE+00
ipht
1
icc nobalc nobale ifbrk ilvden





yzere bzere y z e r o  bzero
1.5000E+00 8 . 0 0 0 0 E + 0 0  1.5000E+00 l.OOOOE+01
Icell volumes and masses 
cell atom gram input calculated
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9 9 1 3.46641E-02 1. 1 9 3 0 0 E + 0 1  2 . 0 2 6 8 3 E + 0 2  2 . 4 1 8 0 1 E + 0 3




1 1  0 O.OOOOOE+00 0.■OOOOOE+OO 0.OOOOOE+OO 0.OOOOOE+OO 
1 . 0 9 9 5 6 E + 0 3  3 . 0 9 0 9 9 E + 0 3
surface trans type surface coefficients
1 1 rcc
2 1.1 cz 2 . 5 4 0 0 0 0 0 E + 0 0
3 1.2 pz 6 . 8 5 8 0 0 0 0 E - 0 1
4 1.3 P O.OOOOOOOE+00 O.OOOOOOOE+00 -
5 2 rcc
7 2.2 p z 6 . 9 5 8 0 0 0 0 E - 0 1
9 3 rcc
11 3.2 pz 1.3816000E+00
13 4 rcc
15 4 . 2 pz 1 . 3 9 1 6 0 0 0 E + 0 0
17 5 rcc
19 5.2 pz 2 . 0 7 7 4 0 0 0 E + 0 0
21 6 rcc
23 6 . 2 pz 2 . 0 8 7 4 0 0 0 E + 0 0
25 7 rcc
27 7 . 2 pz 2 . 7 7 3 2 0 0 0 E + 0 0
29 8 rcc
31 8 . 2 pz 2 . 7 8 3 2 0 0 0 E + 0 0
33 9 rcc
35 9 . 2 pz 1 . 2 7 8 3 2 0 0 E + 0 1
37 10 rcc
38 10.1 cz 5 . 0 0 0 0 0 0 0 E + 0 0
39 10.2 p z 1.3000000E+01












- l .OOOE +0 0  





master surface identical surfaces












8 . 2 9.3
















surface trans type surface coefficients
6 2.1 cz 2 . 5 4 0 0 0 0 0 E + 0 0
10 3.1 cz 2.5400000E+00
14 4.1 cz 2 . 5 4 0 0 0 0 0 E + 0 0
18 5 . 1 cz 2.5400000E+00
2 2 6.1 c z 2.5400000E+00
26 7.1 cz 2 . 5 4 0 0 0 0 0 E + 0 0
30 8.1 cz 2.5400000E+00
34 9.1 c z 2 . 5 4 0 0 0 0 0 E + 0 0
8 2 . 3 p O.OOOOOOOE+00 O.OOOOOOOE+00 -l .OOOOOOOE+00 -6.8580000E-01
12 3.3 p O.OOOOOOOE+00 O.OOODOOOE+00 - 1 .OOOOOOOE+00 - 6 . 9 5 8 0 0 0 0 E - 0 1
15 4 . 3 p O.OOOOOOOE+00 0 . OOOOOOOE+00 -l.OOOOOOOE+00 - 1 . 3 8 1 6 0 0 0 E + 0 0
2 0 5 . 3 p O.OOOOOOOE+00 O.OOOOOOOE+00 -l .OOOOOOOE+00 - 1 . 3 9 1 6 0 0 0 E + 0 0
24 6.3 p O.OOOOOOOE+GO O.OOOOOOOE+00 -1.OOOOOODE+00 -2.0774000E+00
28 7.3 p O.OOOOOOOE+DO O.OOOOOOOE+00 -l.OOOOOOOE+00 -2.0874000E+00
32 8 . 3 p O.OOOOOOOE+00 O.OOOOOOOE+00 -1.OOOOOOOE+00 - 2 . 7 7 3 2 0 0 0 E + 0 0
36 9 . 3 p O.OOOOOOOE+00 O.OOOOOOOE+00 -l.OOOOOOOE+00 - 2 . 7 8 3 2 0 0 0 E + 0 0
random number control 0.920204544573440E+14 
1 cell temperatures in mev for the free-gas thermal neutron treatment. print table 72
all non-zero importance cells with materials have a temperature for thermal neutrons of 2.5300E-08 mev.





4 warning messages so far. 
Iphysical constants print table 98
name value description
huge 1.OOOOOOOOOOOOOE+37 infinity
pie 3 . 1 4 1 5 9 2 6 5 3 5 8 9 8 E + 0 0 pi
euler 5 . 7 7 2 1 5 6 6 4 9 0 1 5 3 E - 0 1 euler constant
avogad 6 . 0 2 2 0 4 3 4 4 6 9 2 8 2 E + 2 3 avogadro number (molecules/mole)
aneut 1.0086649670000E+00 neutron mass (amu)
avgdn 5 . 9 7 0 3 1 0 9 0 0 0 0 0 0 E - 0 1 avogadro number/neutron mass (l.e










(/)(/) p l a n c k  4 . 1 3 5 7 3 2 0 0 0 0 0 0 0 E - 1 3
fscon 1.3703930000000E+02
g p t i l )  9 . 3 9 5 8 0 0 0 0 0 0 0 0 0 E + 0 2
gpt(3) 5 . 1 1 0 0 8 0 0 0 0 0 0 0 0 E - 0 1
planck constant (m ev shake)
inverse fine structure constant h*c/(2*pi*e**2) 























nuclide q(mev) nuclide q(mev)
9 0 2 3 2 1 7 1 . 9 1 9 1 2 3 3 1 7 5 . 5 7
9 2 2 33 1 8 0 . 8 4 9 2 2 3 4 1 7 9 . 4 5
9 2 2 3 5 1 8 0 . 8 8 9 2 2 3 6 1 7 9 . 5 0
9 2 2 3 7 180.40 9 2 2 3 8 181.31
9 2 2 3 9 1 8 0 . 4 0 9 2 2 4 0 1 8 0 . 4 0
9 3 2 3 7 1 8 3 . 6 7 9 4 2 3 8 1 8 6 . 6 5
9 4 2 3 9 1 8 9 . 4 4 9 4 2 4 0 186.36
9 4 2 4 1 1 8 8 . 9 9 9 4 2 4 2 1 8 5 . 9 8
9 4 2 4 3 1 8 7 . 4 8 9 5 2 4 1 1 9 0 . 8 3
9 5 2 4 2 190.54 9 5 2 4 3 1 9 0 . 2 5
9 6 2 4 2 1 9 0 . 4 9 9 6 2 4 4 1 9 0 . 4 9
other 1 8 0 . 0 0














default datapath: C:\MCNPX\DATA 
c:\mcnpx\xs
1cross-section tables Drint table 100
table length
tables from file endf602 










C/) 82207.60c 95000 endf/b-vi.l pb207a
82208.60c 59600 endf/b-vi pb208
mat8234 
mat8237
1 1 / 2 7 / 9 3
1 1 / 2 7 / 9 3
tables from file mcplib022
8
( O '
8 2 0 0 0 . 0 2p
8 2 2 0 6 . 9 9u  
8 2 2 0 7 . 9 9u  
8 2 2 0 8 . 9 9u
755
tables from file lanl99u
78186 photonuclear lanl pb-206 
78259 photonuclear lanl pb-207 




0 1 / 1 5 / 9 3
1 0 / 1 9 / 0 1
1 0 / 1 9 / 0 1
1 0 / 1 9 / 0 1














maximum photon energy set to 100.0 mev (maximum electron energy)
tables from file el032
8 2 0 0 0 . 0 3 e  2 3 7 3
warning, material 1 has been set to a conductor.
1range table for material 1 (condensed)
electron substeps per energy step = 13, default = 13. mean ionization energy = B.23000E+02 ev.
density effect data 
conductor 










b e ( e v )  pairs 
8 8 0 1 1 . 0 0 0  
3 0 7 2 . 0 0 0  
4 4 1 . 0 0 0  
9 0 . 0 0 0
z =
, be(ev) pairs 
8 8 0 1 1 . 0 0 0  
3 0 7 2 . 0 0 0  
4. 441.000
4 .  9 0 X m 0
z =  82  
occ no, be(ev) pairs 
2. 8 8 0 1 1 . 0 0 0
4 .  3 0 7 2 . 0 0 0
4. 4 4 1 . 0 0 0
1 5 8 6 7 . 0 0 0
2 5 9 2 . 0 0 0
419.000
2 7 . 0 0 0
1 5 8 6 7 .000 
2 5 9 2 . 0 0 0  
4 1 9 . 0 0 0  
2 7 . 0 0 0
1 5 8 6 7 . 0 0 0
2 5 9 2 . 0 0 0












1 5 2 0 6 . 0 0 0
2 4 9 0 . 0 0 0
1 4 8 . 0 0 0
2 5 . 0 0 0
1 5 2 0 6 . 0 0 0
2 4 9 0 . 0 0 0
1 4 8 . 0 0 0
2 5 . 0 0 0
1 5 2 0 6 . 0 0 0
2 4 9 0 . 0 0 0









1 3 0 4 1 . 0 0 0
8 9 9 . 0 0 0
144.000 
1 0 . 0 0 0
1 3 0 4 1 . 0 0 0
8 9 9 . 0 0 0
144.000 
1 0 . 0 0 0
1 3 0 4 1 . 0 0 0
8 9 9 . 0 0 0
144.000
3 8 5 7 . 0 0 0
7 6 9 . 0 0 0
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5 warning messages so far.
1 starting merun. dynamic storage =
trial20
0 words, 0 bytes. cpO print table 110
nps X y z cell surf u V w energy weight time
1 3 . 5 5 1 E - 0 1 - 4 . 1 4 4 E - 0 1 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+00 O.OOOE+OO l .OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
2 -7.449E-02 1 . 5 2 6 E - 0 2 - 9 . 9 0 0 E - 0 1 10 0 0.OOOE+00 O.OOOE+OO 1.OOOE+00 1 . 8 0 0 E + 0 1 1 .OOOE+00 O.OOOE+OO
3 5 . 3 2 3 E - 0 1 6.068E-02 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+00 O.OOOE+OO l.OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
4 3 . 9 0 2 E - 0 1 4 . 3 7 6 E - 0 2 - 9 . 9 0 0 E - 0 1 10 0 0.OOOE+00 O.OOOE+OO 1.OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
5 2.271E-01 -1. 8 4 1 E - 0 2 -9.900E-01 10 0 O.OOOE+00 O.OOOE+OO l .OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
6 2 . 2 0 7 E - 0 1 -3.611E-01 -9.900E-01 10 0 O.OOOE+00 O.OOOE+OO 1 .OOOE+00 1 . 800E+01 l .OOOE+00 O.OOOE+OO
7 2 . 4 4 8 E - 0 1 3 . 8 2 3 E - 0 1 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+00 O.OOOE+OO l .OODE+00 1 . 800E+01 l .OOOE+00 O.OOOE+OO
8 - 3 . 9 0 8 E - 0 2 5 . 0 6 4 E - 0 1 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+00 O.OOOE+OO l.OOOE+OD 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
9 - 4 . 6 1 9 E - 0 1 3 . 2 6 2 E - 0 1 -9.900E-01 10 0 O.OOOE+00 O.OOOE+OO l .OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
10 2.572E-01 -2.908E-01 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+OO O.OOOE+OO l.OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
11 - 3 . 3 1 3 E - 0 1 1.126E-01 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+00 O.OOOE+OO l .OOOE+00 1 . 800E+01 l .OOOE+00 0 . OOOE+00
12 - 3 . 3 3 3 E - 0 1 - 2 . 1 7 0 E - 0 1 -9. 9 0 0 E - 0 1 10 0 O.OOOE+OO O.OOOE+OO 1 . OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
13 -1.617E-01 - 2 . 5 0 1 E - 0 1 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+OO O.OOOE+OO l .OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
14 2 . 3 5 0 E - 0 2 3 . 6 8 5 E - 0 1 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+OO O.OOOE+OO l .OOOE+00 1.800E+01 1 .OOOE+00 0 . OOOE+00
15 6 . 2 4 2 E - 0 1 - 1 . 6 7 5 E - 0 2 -9.900E-01 10 0 0 . OOOE+00 O.OOOE+OO l.OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
16 5 . 2 1 9 E - 0 1 -3.615E-01 -9.900E-01 10 0 0 . OOOE+00 O.OOOE+OO 1 . OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
17 -1.204E-01 - 6 . 9 2 8 E - 0 2 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+OO 0 . OOOE+00 1 . OOOE+00 1 . 8 0 0 E + 0 1 1 .OOOE+00 O.OOOE+OO
18 - 3 . 0 9 5 E - 0 1 4 . 0 5 9 E - 0 1 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+OO O.OOOE+OO 1.OOOE+00 1 . 8 0 0 E + 0 1 l .OOOE+00 O.OOOE+OO
19 - 4 . 3 3 1 E - 0 1 - 9 . 2 2 7 E - 0 3 - 9 . 9 0 0 E - 0 1 10 0 O.OOOE+OO O.OOOE+OO l.OOOE+00 1 . 8 0 0 E + 0 1 1 . OOOE+00 O.OOOE+OO
20 2 . 4 5 8 E - 0 1 5 . 2 7 9 E - 0 1 -9.900E-01 10 0 O.OOOE+OO 0 . OOOE+00 1 .OOOE+00 1 . 8 0 0 E + 0 1 1 .OOOE+00 O.OOOE+OO
\o
96
o o o o o o o o o o o o
o o o o o o o o o o o o o
+ + + + + + +
Cd w W w Ed Cd Cd Cd Cd Cd Ed Ed Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd
O o o O o O o o o o o o o o o o o o o o
o O o O o o o o o o o o o o o o o
o o o o o o o o o o o o o
o o o o o o o o o o o
O o o o o o o o o o o o o
o o o o o o o o o o o o o o o o
+ + + + + + + + + 4-
H w w M Cd Cd Cd Cd Ed Cd Ed Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd
O o o o o o o o o o o o o o o o o o
o o o o o o o o o o o
o o o o o o o o o
rH rH rH cH rH rH rH rH rH H rH H H H
rH rH rH rH rH iH H rH rH rH
o o o o o o o o o o o o
+ + + + + + -F + -F
W w Cd w Ed Cd Cd Cd Cd Cd Cd Cd Cd w Cd Cd Cd Cd Id Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd
o o O o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o
CO CO CO CO CD CO CO CO CO 0 0 CO CO
- rH rH fH H rH H H rH H
O o o o o o o o o o o o o o
o o o o o o o o o o o o o o o
+ + + + + + + + + + + + + +
H w W w Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Ed Cd Cd Cd Cd Ed Cd Cd Cd Cd Cd Ed Cd
O o o O O O o o o o o o o o o o o o o o
O o o O o o o o o o o o o o o o o o o
O o o o o o o o o o o o o o
rH rH M rH tH tH rH H rH rH rH
o o o o o o o o o o
o o O o o , o o o o o o o
+ + + -F + + -F +
W w w w Ed Ed Cd Cd Cd Cd Cd Cd Ed Cd Cd Cd Cd Cd w Ed Ed Cd Cd Cd Ed Cd Cd Cd Cd Cd
O C o o o o o o o o o o o o
O o o o o o o o o o o o o
o o o o o o o o o o o o o
o o c o o o o o o o o o o
o o o o o o o o o o
o o o o o o o o o o o o o o o
+ + + 4- 4- 4- 4- 4- + -T
Cd Cd Cd Cd Ed Ed Cd Cd Cd Cd Cd Cd Cd Cd Ed Cd Ed Cd Ed Cd Cd Ed Ed Ed Cd Ed Cd Cd Cd Cd
o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o
o o
rH rH rH
H H rH H
o o o o o o o o o o o o
Cd Cd Ed Cd Ed Ed Cd Ed Ed Cd Ed Cd Cd Cd Ed Ed Ed Ed Ed Cd Ed Cd Ed Cd Cd Ed Ed Cd Cd Cd
o o o o o o o o o o o o o o o o
o o o o o o o o o o o
CD CD CD CD CD CD
CD CD
H H H rH rH A A
o
?
<=> o o o o o
Cd Ed Cd Cd Ed Ed Cd Ed Ed Ed Cd Ed Ed Cd Ed Ed Cd Cd Cd Cd Cd Cd Cd Ed Ed Ed Cd Cd Cd Cd
TP CO o rH
A o H A CD
o CD o A CD
H TP TP TP CO
rH H rH A H A tH tH rH rH
o o o o o o o o o o o o
Ed Cd Ed Cd Ed Cd Cd Cd Cd Ed Ed Ed Ed Cd Cd Cd Cd Cd Cd Cd Ed Ed Ed Cd Cd Ed Cd Cd Cd Ed
A A H H A A CO Tp
A rH o T p A T p A tH





A A A A
T p CD TP A A tH r - CD
A A A A A A Tp T P
G r- G r- G A G Od TP d o d C d oG TP C A C A C ulA tHo
G rH G t—1 C  rH C A0 0 0 0d d d du Ht
G G G0) 0) d G
c G G G
rC O rC H rG tH
V u o u
G G G c
W A CQ A m A cn CD
a  A Û CD a  CD a  AC A G A G A G  rHTP CO
tH
rH CD
0> CD d dÜ o u ü
o O o rH
o4"Cd Ü) Cd O) Ed CD Cd cn Ed
U CO d A d O d CDQ) A CD A d  AA A
tH rH
rH tHo o o oM 1 CO i ID 1 en !
Ed G Cd G Cd G Cd G Cd
-H  O -H  o
TS O 33 o 33 O 33 o(0 o m o G o
u  o d O d O d o
rH iH
o o oo o o
4- X + X + X + X 4-Cd -u Ed H) Cd i-> Cd H) Cd





Cd a  Cd Q  “ Cu Cd a  Cd44 O
S in S 00 £ o
(0  A m o lu Tpo Tp CD LD
CD iH
o rH tHo o o o
Cd U Cd U Ed O Cd ü Cd
W A in CD w  Lfl






Cd -U Cd Cd -U Cd H ) Ed
01 o Dl A Cn A Cn A




o o o o






A 0 ) A 0) A CD AT5




































det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 6 . 7 4 9 6 E - 0 3 9 . 9 9 8 7 E - 0 1 1 . 8 0 8 4 E + 0 0 4 . 7 7 1 3 E - 0 1 5.1438E+00 l .OOOOE-01 1.5874E+00 7 2 3 2 14 1 2 3 2 3 1 9 8 7
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 6.9311E-03 9 . 9 9 1 8 E - 0 1 3.3474E-01 1 . 2 9 9 6 E - 0 1 2 . 5970E+00 1 . OOOOE-01 1 . 7 2 1 6 E + 0 0 7 2 6 1 6 5 2 2 6 1 8 7 5 3 3
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 1 . 0 4 8 6 E - 0 2 9 . 9 9 1 8 E - 0 1 1.4691E+00 2 . 1 6 8 1 E - 0 1 4 .2352E+00 1.OOOOE-01 1.7338E+00 7 2 6 1 6 5 2 2 6 1 8 7 5 3 3
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 3 . 3 9 0 8 E - 0 3 l .OOOOE+00 5.0167E-01 3 . 3 6 4 7 E - 0 1 4.1011E+00 l .OOOOE-01 7 .4163E-01 9 2 6 5 2 1 0 2 6 5 4 1 0 0 8
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 6 . 6 7 1 0 E - 0 3 9 . 9 9 6 3 E - 0 1 2 . 3 5 9 9 E - 0 1 1 . 4 7 2 4 E - 0 1 2 . 2 0 4 0 E + 0 0 l .OOOOE-01 2.2830E+00 5 3 2 7 6 8 1 3 2 8 6 5 1 5 3
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 1 . 3 8 7 3 E - 0 2 9.9963E-01 2 . B 8 5 0 E + 0 0 3 . 5 6 9 4 E - 0 1 4.8119E+00 1.OOOOE-01 2.3004E+00 5 3 2 7 6 8 1 3 2 8 6 5 1 5 3
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 4.5543E-02 9 . 9 9 5 2 E - 0 1 2 . 5 9 0 5 E + 0 0 4 . 0 2 3 2 E - 0 2 2 . 9 4 8 2 E + 0 0 l .OOOOE-01 2 . 2 9 8 5 E + 0 0 9 3 2 7 6 8 2 3 2 8 6 5 1 6 5
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 7 . 3 7 2 8 E - 0 3 1.OOOOE+00 5.0163E-01 2 . 8 8 9 2 E - 0 1 2.8481E+00 l.OOOOE-01 3.7440E-01 1 4 0 7 6 1 0 4 0 9 0 4 3 5 8
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 7 . 5 8 2 1 E - 0 3 l.OOOOE+00 5.0063E-01 1.9913E-01 2 . 9 3 4 5 E + 0 0 1 . OOOOE-01 1.5587E+00 9 4 3 2 7 5 0 4 3 4 3 9 7 0 7
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 1 . 5 0 0 9 E - 0 2 l.OOOOE+00 5 . 0 0 2 3 E - 0 1 1.2756E-01 2.1608E+00 l.OOOOE-01 1.02B3E+00 3 4 6 3 5 7 0 4 6 5 7 3 5 6 4
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 4 . 8 9 3 5 E - 0 2 9 . 9 8 2 3 E - 0 1 1 . 6 4 1 1 E + 0 0 1 . 2 2 8 1 E - 0 1 2.1708E+00 l .OOOOE-01 2 . 1 3 3 0 E + 0 0 1 4 76 1 9 2 4 7 8 2 2 3 4 4
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 5.9440E-02 9 . 9 9 1 6 E - 0 1 2.4402E+00 1 . 6 2 0 2 E - 0 1 2 . 3 5 6 2 E + 0 0 l .OOOOE-01 2 . 2553E+00 5 6 0 7 6 3 1 6 1 0 0 9 9 6 5
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 5 . 7 5 0 2 E - 0 3 9 . 9 8 7 0 E - 0 1 9 . 1 3 2 5 E - 0 1 5.2404E-01 3 . 8G62E+00 1 . OOOOE-01 2 . 5 7 0 1 E + 0 0 9 6 2 26 3 2 6 2 5 2 7 3 8 8
det t wgt psc amfp ddetx radius erg cell nps n c h neutron nrn
2 7 . 0 5 2 6 E - 0 3 9.9857E-01 G . 1 2 4 7 E - 0 1 2 . 3 5 9 2 E - 0 1 3 . 3 0 1 7 E + 0 0 l.OOOOE-01 9 . 0 9 1 6 E - 0 1 9 6 2 6 3 6 1 6 2 8 7 8 0 6 0
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn































d e t  t 




5 . 0 2 4 6 E - 0 1
amfp
1 . 3 8 8 9 E - 0 1
ddetx


















4 . 2 6 1 1 E - 0 1
ddetx












2 6 . 2 8 5 0 E - 0 3
wgt





d d e t x  


















1 . 2 9 3 6 E - 0 1
ddetx












2 6 . 6 0 0 0 E - 0 3
wgt




1 . 8 5 1 1 E - 0 1
dde tx 
















4 . 9 9 5 2 E - 0 1
amfp




















1 . 6 4 6 7 E - 0 1
ddetx
















4 . 9 8 7 9 E - 0 1
amfp
1 . 1 6 7 2 E - 0 1
ddetx 












1 2 . 1 4 9 3 E - 0 2
wgt




4 . 5 8 0 9 E - 0 1
ddetx












1 1 . 6 9 3 1 E - 0 2
w g t
9 . 9 9 9 2 E - 0 1
psc


















9 . 9 9 8 3 E - 0 1
psc
4 . 4 1 1 3 E - 0 1
amfp
1 . 1 0 1 7 E - 0 1
ddetx
















4 . 9 9 9 7 E - 0 1
amfp
9 . 5 7 3 2 E - 0 2
ddetx 












1 2 . 3 8 5 0 E - 0 2
wgt




1 . 2 4 4 9 E - 0 1









1 2 6 9 5 3
nch
2
d e t  t
2 6.2172E-03
wgt
9 . 9 9 1 9 E - 0 1
psc 
4 . 6 7 8 4 E - 0 1
amfp
2 . 2 2 2 1 E - 0 1
d d e t x
















5 . 1 5 3 0 E - 0 1
amfp
6 . 6 0 9 1 E - 0 2
ddetx












6 7 8 5 0 2 3 0
neutron nrn
6 8 4 2 8 4 5 5
neutron nrn
7 5 1 1 3 1 7 0
neutron nrn
7 6 3 6 3 7 7 1
neutron nrn
7 6 3 6 3 7 8 1
neutron nrn
8 4 3 8 7 5 9 4
neutron nrn
9 1 2 4 1 8 4 8
neutron nrn
9 2 2 2 7 2 9 3
neutron nrn
9 2 7 7 1 7 6 0
neutron nrn




1 2 2 7 1 8 9 2 1
neutron nrn
1 2 7 3 5 4 4 0 7
neutron nrn
1 3 6 4 6 2 6 2 7
neutron nrn












2 6 1 1 4 9 E - 0 3
wgt
9 . 9 9 9 3 E - 0 1
psc
1 . 5 8 2 1 E + 0 0
amfp 
7 . 9 9 5 7 E - 0 1  4,
ddetx




















0 7 8 9 E - 0 3
wgt
9 . 9 8 9 1 E - 0 1
wgt





















cell nps nch neutron nrn
5 1 6 7 2 4 7  1 1 6 7 7 3 7 3 4 0
cell nps nch neutron nrn
1 1 8 2 1 5 2  2 1 8 2 7 1 2 0 0 3
det 
2 6 0 8 0 2 E - 0 3
wgt
9 . 9 9 9 1 E - 0 1
psc
1 . 2 9 1 2 E + 0 0
amfp 
4 . 3 4 7 9 E - 0 1  4.
ddetx
6 7 75 E + 00
radius 
l .OOOOE-Ol  1,
erg








1 9 1 3 5 7 1 5 0
det 




5 . 0 2 0 8 E - 0 1
amfp 




l .OOOOE-Ol  1
erg





























2 9 3 8 E - 0 2
3 3 6 5 E - 0 2
0 3 2 9 E - 0 3
6 1 8 7 E - 0 3
wgt
9 . 9 9 9 0 E - 0 1
wgt






4 . 3 9 3 3 E - 0 1
psc
2 . 2 8 6 9 E + 0 0
psc
5 . 0 1 2 6 E - 0 1
psc
4 . 9 9 2 0 E - 0 1
amfp 
1 . 0 4 4 4 E - 0 1  2,
amfp 
2 . 2 4 2 4 E - 0 1  4,
amfp 
2 . 7 7 4 7 E - 0 1  3,
amfp 
3 . 1 3 1 6 E - 0 1  3,
ddetx






. 2 1 5 4 E + 0 0
radius 
l .OOOOE-Ol  1
radius 




l .OOOOE-Ol  4.
erg
. 5 1 3 5 E + 0 0
erg 
. 5 27 6 E + 0 0
erg
9 0 5 1 E - 0 1
erg
5 8 4 7 E - 0 1
cell nps nch neutron nrn
5 1 9 5 2 4 6  1 1 9 5 7 9 1 2 7 4
cell nps nch neutron nrn
5 1 9 5 2 4 6  1 1 9 5 7 9 1 2 7 4
cell nps nch neutron nrn
9 2 0 3 7 1 4  0 2 0 4 3 5 5 0 9 8
cell nps nch neutron nrn




1 8 . 8 5 2 4 E - 0 3
det 
1 1 , 0 9 0 7 E - 0 2
wgt
9 . 9 9 7 4 E - 0 1
wgt




3 . 7 5 9 0 E + 0 0
amfp 
I . 9 1 5 3 E - 0 1  5.
amfp 
7 . 6 7 6 2 E - 0 1  5,
ddetx
5 4 4 3E + 00
ddetx
0 4 46 E + 00
radius 
l .OOOOE-Ol  4,
radius 
l .OOOOE-Ol  4
erg cell nps nch neutron nrn
2 5 7 2 E + 0 0  9 2 1 3 4 7 4  1 2 1 4 0 9 3 8 3 4
erg cell nps nch neutron nrn
























2 3 0 2 8 7 8 6 0
(/)(/) det 1 3. 1 7 0 7 E - 0 2
wgt




1 . 1 5 8 8 E - 0 1  2,
ddetx
2 2 3 9 E + 0 0
radius 
l .OOOOE-Ol  2
erg 








2 4 1 0 5 5 6 3 0
det 
1 1 6 2 2 5 E - 0 2
wgt
9 . 9 9 0 4 E - 0 1
psc
4 . 7 4 8 4 E - 0 1
amfp 
9 . 2 0 4 1 E - 0 2  2.
ddetx
0 6 01 E + 00
radius 
l . ODOOE-01  1
erg








2 4 1 0 5 5 6 4 1
det





























1 2 . 9 4 6 7 E - 0 2
wgt
9 . 9 9 9 0 E - 0 1  2
psc
5 9 0 8 E + 0 0
amfp




















1 1 . 0 9 0 1 E - 0 2
det t
1 1 . 5 7 9 2 E - 0 2
det t
2 5 . 8 6 4 0 E - 0 3
det t
2 4 . 5 2 0 9 E - 0 3
wgt






9 . 9 8 2 9 E - 0 1  4 .
psc
1 3 0 9 E+ 00
psc
9 9 7 7 E - 0 1
psc
O O l l E - 0 1
psc
8 6 8 7 E - 0 1
amfp




1 . 1 3 1 0 E - 0 1
amfp
2 . 2 4 1 0 E - 0 2
ddetx




3 . 4 8 1 7 E + 0 0
ddetx












6 . 9 2 7 3 E - 0 1
erg
9 . 6 8 0 0 E - 0 1
erg








nps nch neutron nrn
2 4 1 5 8 8  2 2 4 2 2 8 6 9 1 9
nps nch neutron nrn
2 4 3 2 9 4  0 2 4 3 9 7 7 4 4 7
nps nch neutron nrn
2 5 1 6 3 9  0 2 5 2 3 7 4 6 1 2
nps nch neutron nrn
2 5 1 6 3 9  1 2 5 2 3 7 4 6 2 7
cp. det t
1 8 . 3 6 3 5 E - 0 3
wgt
9 . 9 9 0 8 E - 0 1  4
psc
5 1 1 0 E - 0 1
amfp
2 . 2 9 3 7 E - 0 1
ddetx 




















1 1 . 7 2 7 4 E - 0 2
det t
2 3 . 9 0 2 6 E - 0 3
det t




9 . 9 7 7 1 E - 0 1  4.
wgt
9 . 9 8 6 0 E - 0 1  5,
psc
7 2 5 7 E - 0 1
psc
5 5 9 8 E - 0 1
psc
2 5 4 0 E - 0 1
amfp ddetx radius erg cell nps nch neutron nrn
7 . 5 9 5 2 E - 0 2  2 . 1 9 8 8 E + 0 0  l .OOOOE-Ol  6 . 2 6 3 3 E - 0 1  3 2 5 4 1 2 1  9 2 5 4 8 3 7 5 9 3
amfp ddetx radius erg cell nps nch neutron nrn
2 . 8 2 5 7 E - 0 1  3 . 7 3 9 8 E + 0 0  l .OOOOE-Ol  1 . 0 1 8 5 E + 0 0  9 2 6 4 3 1 2  3 2 6 5 0 6 7 4 0 4
amfp ddetx radius erg cell nps nch neutron nrn
3 . 6 9 1 2 E - 0 1  3 . 7 6 8 7 E + 0 0  l .OOOOE-Ol  1 . 0 0 7 5 E + 0 0  9 2 6 6 4 3 5  1 2 6 7 2 1 8 6 5 4
CDQ.
det t




0 2 9 7 E - 0 1
amfp



















1 1 . 2 1 9 8 E - 0 2
det t
1 5 . 2 3 3 9 E - 0 2
wgt
9 . 9 9 1 3 E - 0 1  9,
wgt
9.9945E-01 1,
psc amfp ddetx radius erg cell nps nch neutron nrn
6 7 0 5 E - 0 1  3 . 5 2 0 3 E - 0 1  2 . 9 7 7 6 E + 0 0  l .OOOOE-Ol  3 . 1 0 3 3 E + 0 0  5 2 6 9 5 5 1  1 2 7 0 3 6 6 0 4 5
psc amfp ddetx radius erg cell nps nch neutron nrn
5 8 2 2 E + 0 0  1 . 4 9 8 4 E - 0 1  2 . 0 3 4 5 E + 0 0  l .OOOOE-Ol  3 . 7 0 2 5 E + 0 0  3 2 6 9 8 0 9  2 2 7 0 6 2 0 8 0 0
(/>in det t 
2 4 . 2 9 9 9 E - 0 3
wgt
9 . 9 8 5 2 E - 0 1  2.
psc
1 3 89 E + 00
amfp
8 . 3 8 4 9 E - 0 1
ddetx












2 7 0 6 2 0 8 2 3
det t




0 5 5 3 E - 0 1
amfp 
2 . 3 6 2 0 E - 0 1
ddetx




2 . 4 9 2 2 E - 0 1
cell nps





























































































2 . 1 3 8 9 E + 0 0
amfp
8 . 4 1 5 0 E - 0 1
ddetx


















9 . 9 9 0 7 E - 0 1
psc 
3 . 3 4 7 7 E - 0 1
amfp















































9 . 9 9 9 2 E - 0 1
psc
































































































2 4 . 1 0 1 9 E - 0 3
wgt
9 . 9 9 8 5 E - 0 1
psc
2 . 5 2 6 0 E - 0 1
amfp
1 . 9 6 2 4 E - 0 1
ddetx



















9 . 9 9 8 8 E - 0 1
psc





















2 1 . 3 8 2 4 E - 0 2
wgt

























9 . 9 9 9 9 E - 0 1
psc
4 . 9 6 4 4 E - 0 1
amfp














3 2 3 9 3 9 1 2 2
det t 
2 6 . 5 2 2 2 E - 0 3
wgt


















3 2 4 5 2 1 6 9 3
det t 
2 4 . 2 4 5 5 E - 0 3
wgt




































2 . 6 4 1 6 E - 0 1  3
ddetx










3 2 4 5 2 1 7 0 9
8
det t
2 5 . 6 2 6 0 E - 0 3
det t
2 1 . 1 8 0 0 E - 0 2
wgt
9 . 9 9 6 4 E - 0 1
wgt
9 . 9 9 7 6 E - 0 1
psc


















4 3 0 6 E - 0 1
cell nps nch neutron nrn
9 3 2 5 2 1 2  2 3 2 6 2 3 8 5 9 6
cell nps nch neutron nrn
9 3 2 7 7 8 4  2 3 2 8 8 2 8 4 5 3
det 




5 . 0 1 4 0 E - 0 1
amfp 




l .OOOOE-Ol  1
erg 








3 3 1 6 4 3 4 3 6
(D det t
1 1 . 3 1 9 8 E - 0 2
wgt
9 . 9 9 8 9 E - 0 1
psc
3 . 9 9 5 0 E - 0 1
amfp 
9 . 2 9 6 7 E - 0 2  2
ddetx
0 9 51 E + 00
radius 
l .OOOOE-Ol  1,
erg












1 1 0 0 1 8 E - 0 2
wgt




8 . 9 8 6 1 E - 0 2  2
ddetx
2 0 2 2 E + 0 0
radius 
l .OOOOE-Ol  1.
erg















2 1 . 1 8 6 4 E - 0 2
det t
2 7 . 6 4 1 1 E - 0 3
wgt
9 . 9 8 0 0 E - 0 1
wgt 
9 . 9 9 9 7 E - 0 1
psc
1 . 9 7 1 4 E + 0 0
psc
4 . 9 9 9 3 E - 0 1
amfp 
2 . 0 3 4 9 E - 0 1  4
amfp 
3 . 5 4 2 3 E - 0 1  2
ddetx








0 2 1 0 E + 0 0
erg





nps nch neutron nrn
3 4 2 2 3 1  2 3 4 3 2 4 6 4 7 3
nps nch neutron nrn






9 . 9 9 8 5 E - 0 1
psc
1 . 8 0 8 4 E + 0 0
amfp 
4 . 2 8 2 5 E - 0 1  3.
ddetx
3 4 5 9 E+ 00
radius 
l .OOOOE-Ol  2
erg












1 1 , 0 6 3 7 E - 0 2
wgt
9 . 9 9 7 2 E - 0 1
psc 
3 . 9 9 4 2 E - 0 1
amfp 
4 . 7 2 7 6 E - 0 2  2
ddetx












3 5 6 7 8 8 1 9 1
det t
1 1 . 0 0 2 6 E - 0 2
wgt




4 . 6 6 2 2 E - 0 1  3
ddetx 
, 8 2 51 E + 00
radius 














1 1 . 5 6 8 8 E - 0 2
wgt




5 . 5 7 8 7 E - 0 1  3
ddetx
. 7 6 2 8 E + 0 0
radius 










3 7 1 6 7 6 4 3 9
(/)(/) det 
2  8 , 3 1 9 1 E - 0 2
wgt 
9 . 9 9 9 1 E - 0 1
psc 
2 . 2 8 7 0 E + 0 0
amfp 




l .OOOOE-Ol  8,
erg








3 7 2 3 4 1 6 4 9
det 
2 9, 9 4 0 3 E - 0 3
wgt


















3 7 2 3 4 1 6 5 9
det t






























































0 2 4 8 E - 0 2
wgt
9 . 9 9 1 4 E - 0 1
wgt
9 . 9 7 0 0 E - 0 1
wgt
9 . 9 9 0 8 E - 0 1
psc
6 . 8 2 7 3 E - 0 1  2
psc
5 . 6 0 0 9 E - 0 1  1
psc










02 3 . 0 5 1 3 E + 0 0
ddetx 








2 . 8 699E+00
erg
6 . 0 8 6 4 E - 0 1
erg 







nps nch neutron nrn
3 8 7 0 3 5  1 3 8 8 1 2 7 1 8 2
nps nch neutron nrn
3 8 9 7 7 2  1 3 9 0 8 5 5 6 7 5
nps nch neutron nrn
3 9 3 8 2 3  1 3 9 4 9 2 8 2 2 6
det t
2 7 . 0 4 2 8 E - 0 3
wgt






















2 7 . 4 1 1 7 E - 0 3
wgt
9 . 9 9 3 9 E - 0 1
psc





























1 1 5 6 7 7 E - 0 2
wgt
9 . 9 8 8 7 E - 0 1
wgt
9 . 9 9 7 5 E - 0 1
wgt
9 . 9 9 1 7 E - 0 1
psc 




9 . 7 4 1 1 E - 0 1  2
amfp
6 6 4 8 E -
amfp




01 3 . 3 8 9 8 E + 0 0
ddetx 










5 . 5 6 2 4 E - 0 1
erg
5 . 0 9 4 7 E + 0 0
erg
5.0913E+00
cell nps nch neutron nrn
9 4 1 7 7 3 3  1 4 1 9 0 1 6 3 7 3
cell nps nch neutron nrn
9 4 3 0 0 7 0  1 4 3 1 3 8 8 2 0 2
cell nps nch neutron nrn




2 7 7 5 2 9 E - 0 3
wgt
9 . 9 9 0 9 E - 0 1
psc
















4 3 1 3 8 8 2 2 6
det 
2 6 . 4 4 9 7 E - 0 3
wgt
9 . 9 8 8 4 E - 0 1
psc 




















2 6 . 6 8 5 7 E - 0 3
wgt


















4 3 3 9 4 0 4 3 2
(/)(/) det t1 1 . 3 8 6 6 E - 0 2
wgt
9 . 9 9 9 4 E - 0 1
psc
















4 6 2 1 1 7 6 7 6
det 
2 5 . 6 0 3 5 E - 0 2
wgt
9 . 9 9 5 9 E - 0 1
psc 
3 . 1 3 8 9 E + 0 0  1
amfp
1 5 5 9 E
ddetx 




2 . 8 8 6 4 E + 0 0
c e l l
9
nps




4 6 3 6 3 0 5 2 8
det t 
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2 4 8 8 7 2 B - 0 3
det t
2 8 . 2 7 6 7 E - 0 3
det t
1 9 . 5 3 3 6 E - 0 3
wgt psc amfp ddetx radius erg cell nps nch neutron nrn
l .OOOOE+00 4 . 9 9 4 6 E - 0 1  2 . 7 5 8 2 E - 0 1  3 . 5 1 3 5 E + 0 0  l .OOOOE-Ol  1 . 5 1 3 3 E + 0 0  9 5 5 2 7 1 7  0 5 5 4 6 9 2 3 3 5
wgt psc amfp ddetx radius erg cell nps nch neutron nrn
9 . 9 8 0 3 E - 0 1  7 . 0 8 8 0 E - 0 1  1 . 4 3 7 2 E - 0 1  3 . 4 3 2 5 E + 0 0  l .OOOOE-Ol  8 . 8 2 2 2 E - 0 1  9 5 5 5 9 6 5  3 5 5 7 9 0 7 1 9 7
wgt psc amfp ddetx radius erg cell nps nch neutron nrn
l .OOOOE+00 5 . 0 0 8 0 E - 0 1  1 . 3 3 3 8 E - 0 1  2 . 7 0 4 9 E + 0 0  l .OOOOE-Ol  5 . 0 4 5 3 E - 0 1  1 5 5 9 6 3 0  0 5 6 1 5 4 0 0 9 3
3
CD det 




5 . 0 0 4 7 E - 0 1
amfp
1 . 9 4 8 3 E - 0 1
ddetx























2 5 . 3 4 2 2 E - 0 3
det t





1 0 4 4 E - 0 2
4 9 9 3 E - 0 3
wgt
9 . 9 9 4 8 E - 0 1
wgt
9 . 9 8 6 7 E - 0 1
wgt
9 . 9 8 5 9 E - 0 1
wgt
9 . 9 8 5 9 E - 0 1
psc
5 . 0 3 5 2 E - 0 1
psc
1 . 4 6 9 2 E + 0 0
psc
5 . 4 8 1 1 E - 0 1
psc
5 . 0 5 4 0 E - 0 1
amfp
4 . 5 6 9 5 E - 0 1
amfp
2 . 5 7 4 9 E - 0 1
amfp
2 . 2 5 7 5 E - 0 2
amfp




3 . 9 2 4 6 E + 0 0
ddetx
2 . 7 7 7 0 E + 0 0
ddetx
















1 . 0 1 9 8 E + 0 0
cell nps nch neutron nrn
9 5 7 2 7 8 9  3 5 7 4 7 0 9 4 5 3
cell nps nch neutron nrn
9 5 7 8 8 3 9  2 5 8 0 7 4 0 7 7 3
cell nps nch neutron nrn
9 5 7 8 8 3 9  3 5 8 0 7 4 0 7 8 1
cell nps nch neutron nrn








3 9 7 4 E - 0 3
4 0 5 8 E - 0 3
5 0 0 4 E - 0 2
wgt 
9 . 9 9 8 6 E - 0 1
wgt




4 . 3 9 3 5 E - 0 1
psc
4 . 4 1 1 1 E - 0 1
psc
5 . 0 1 1 5 E - 0 1
amfp
2 . 4 9 7 3 E - 0 1
amfp
2 . 2 3 9 2 E - 0 1
amfp 
1 . 5 9 5 2 E - 0 1
ddetx
2 . 5 4 6 8 E + 0 0
ddetx
2 . 5 8 2 5 E + 0 0
ddetx 








2 . 6 7 7 2 E + 0 0
erg
2 . 6 5 1 9 E + 0 0
erg







nps nch neutron nrn
5 8 2 8 2 9  1 5 8 4 7 2 7 1 6 1
nps nch neutron nrn
5 8 2 8 2 9  2 5 8 4 7 2 7 1 6 9
nps nch neutron nrn




det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
2 4 . 6 0 6 2 E - 0 3  9 . 9 9 6 0 E - 0 1  2 . 7 3 8 8 E + 0 0  9 . 1 6 8 4 E - 0 1  6 . 1 4 9 5 E + 0 0  l .OOOOE-Ol  7 . 1 9 4 8 E - 0 1  3 5 8 6 4 9 2  1 5 8 8 4 1 7 1 3 5
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 1 . 3 7 1 1 E - 0 2  9 . 9 8 2 6 E - 0 1  5 . 2 5 4 1 E - 0 1  8 . 6 3 5 3 E - 0 2  2 . 3 6 3 2 E + 0 0  l .OOOOE-Ol  1 . 3 3 3 4 E + 0 0  3 6 0 1 2 2 2  4 6 0 3 2 4 5 3 4 6
det































2 6 7 8 9 4 E - 0 3
wgt
9 . 9 8 9 4 E - 0 1
psc 

























6 8 5 2 E - 0 3
8105E-03
2 5 7 3 E - 0 2
wgt 






2 . 2 8 7 2 E + 0 0  7
psc















01 2 . 3 3 7 5 E + 0 0  1
radius erg cell nps nch neutron nrn
OOOOE-01 1 . 2 3 8 1 E + 0 0  3 6 1 5 3 5 8  1 6 1 7 3 6 9 7 7 6
radius erg cell nps nch neutron nrn
OOOOE-01 2 . 7 8 8 4 E + 0 0  9 6 1 6 2 9 5  0 6 1 8 3 1 9 1 4 2
radius erg cell nps nch neutron nrn
OOOOE-01 7 . 6 9 9 9 E - 0 1  3 6 2 0 6 9 4  0 6 2 2 6 9 0 1 6 5
det t
1 1 . 3 2 6 5 E - 0 2
wgt
9 . 9 9 5 8 E - 0 1
psc 

















































1 1 O l l O E - 0 2
det t
1 8 . 9 8 2 3 E - 0 3
wgt
9 . 9 9 6 0 E - 0 1
wgt
9 . 9 9 4 3 E - 0 1
psc 




6 8 1 8 E - 0 1  2 .
ddetx 










9 . 7 9 9 2 E - 0 1
erg





nps nch neutron nrn
6 2 3 1 7 7  1 6 2 5 1 9 0 4 3 6
nps nch neutron nrn




1 1 .3 5 1 8 E - 0 2
wgt
9 . 9 9 0 2 E - 0 1
psc
4 . 8 9 0 6 E - 0 1  9
amfp
0 3 6 1E
ddetx 
















1 1 ,6 2 6 1 E - 0 2
wgt
9 . 9 9 9 5 E - 0 1
psc 
















6 5 4 8 2 4 0 7 1
det 
2 4. 5 6 3 9 E - 0 3
wgt
9 . 9 9 9 5 E - 0 1
psc
















6 5 4 8 2 4 0 7 1
T3




















6 5 4 8 2 4 0 7 9
(/)
en det 




















6 5 5 5 1 5 5 3 3
det t
2 4 . 2 5 4 4 E - 0 3
wgt
9 . 9 9 9 1 E - 0 1
psc 


















































2 4 . 5 2 6 9 E - 0 3
wgt 
9 . 9 9 9 2 E - 0 1  2
psc
2 8 7 0E + 00
amfp  





























4 7 1 8 E - 0 2
9 9 4 9 E - 0 3
wgt 








2 5 5 8 E - 0 1
psc
0 1 7 2 E - 0 1
psc
5 9 9 8 E - 0 1
psc
0 5 3 4 E - 0 1
amfp 
6 . 8 9 5 4 E - 0 2  2,
amfp 
2 . 3 1 7 8 E - 0 1  2.
amfp 
1 . 8 4 3 2 E - 0 1  2.
amfp 
1.8844E-01 3.
ddetx radius erg cell nps nch neutron nrn
. 8 0 4 2 E + 0 0  l .OOOOE-Ol  9 . 7 0 6 8 E - 0 1  9 6 6 2 3 0 5  1 6 6 4 4 3 0 8 4 0
ddetx radius erg cell nps nch neutron nrn
6 3 1 6 E + 0 0  l .OOOOE-Ol  1 . 5 0 7 1 E + 0 0  3 6 6 9 9 2 3  0 6 7 2 0 4 2 6 8 1
ddetx radius erg cell nps nch neutron nrn
2 4 4 0 E + 0 0  l .OOOOE-Ol  2 . 8 1 4 5 E - 0 1  3 6 8 3 9 5 0  3 6 8 6 1 2 2 3 5 7
ddetx radius erg cell nps nch neutron nrn
. 3 3 3 5 E + 0 0  l .OOOOE-Ol  3 . 9 6 5 3 E + 0 0  9 6 8 6 1 8 1  0 6 8 8 3 9 6 2 3 4
det t 
2 1 . 3 2 9 1 E - 0 2
wgt




3 . 6 9 9 4 E - 0 1  3
ddetx 

























1 0 5 9 E - 0 3
6 0 5 1 E - 0 3
w g t
9 . 9 9 2 1 E - 0 1  9,
wgt
9 . 9 9 4 3 E - 0 1  2,
wgt
1 . OOOOE+00 4.
psc




9 9 0 3 E - 0 1
amfp  
2 . 4 2 2 1 E - 0 1  3
amfp 
6 . 0 9 3 7 E - 0 1  5,
amfp 
1 . 8 4 8 5 E - 0 1  2,
ddetx radius erg cell nps nch neutron nrn
. 6 7 6 8 E + 0 0  l .OOOOE-Ol  3 . 7 3 B 3 E + 0 0  9 7 1 1 3 4 6  1 7 1 3 6 2 9 0 8 9
ddetx radius erg cell nps nch neutron nrn
0 2 2 8 E + 0 0  l .OOOOE-Ol  3 . 4 1 1 1 E + 0 0  5 7 3 3 9 7 9  2 7 3 6 3 6 9 7 5 3
ddetx radius erg cell nps rich neutron nrn
7 6 9 9 E + 0 0  l .OOOOE-Ol  1 . 4 3 7 8 E + 0 0  9 7 3 5 2 6 3  0 7 3 7 6 7 9 5 3 4
&
det 
2 8 4 5 7 2 E - 0 3
wgt
9 . 9 8 7 8 E - 0 1  4,
psc
7 5 1 7 E - 0 1
amfp 
1 . 8 1 5 7 E - 0 1  2,
ddetx

















4 9 4 5 E - 0 3
6 1 8 5 E - 0 3
wgt
9 . 9 8 9 8 E - 0 1  5,
wgt
9 . 9 9 2 0 E - 0 1  3
psc
3 6 6 2 E - 0 1
psc
1 2 3 6 E - 0 1
amfp 
9 . 4 0 2 3 E - 0 2  3.
amfp 
2 . 9 3 0 2 E - 0 1  2
ddetx








1 . 0 8 4 5 E + 0 0
erg 





nps nch neutron nrn
7 3 5 9 3 0  1 7 3 8 3 5 0 6 1 3
nps nch neutron nrn





2 1 . 5 7 3 9 E - 0 2
det 
2 2 4 3 5 1 E - 0 2
wgt
9 . 9 9 4 5 E - 0 1  3
wgt
9 . 9 9 3 6 E - 0 1  4.
psc
1 3 9 3 E+ 00
psc
2 3 1 9 E+ 00
amfp 
6 . 6 2 7 0 E - 0 1  4
amfp  
6 . 1 7 4 5 E - 0 1  3,
ddetx
0 4 4 0 E + 0 0
ddetx






3 . 1 4 0 0 E + 0 0
erg
3 . 1 3 9 1 E + 0 0
cell nps nch neutron nrn
9 7 5 0 1 1 8  2 7 5 2 6 0 5 0 3 4
cell nps nch neutron nrn
9 7 5 0 1 1 8  3 7 5 2 6 0 5 0 4 2
det
2 6 7 4 2 9 E - 0 3
wgt
































































9 7 17 E + 00
psc
8 8 4 8 E + 0 0
amfp
8 . 2 2 7 4 E - 0 2
amfp








6 . 4 3 3 4 E + 0 0
radius 
l .OOOOE-Ol  2
radius 
l .OOOOE-Ol  2
radius 
l .OOOOE-Ol  1
erg cell nps nch neutron nrn
. 7 8 9 8 E - 0 1  1 7 5 8 6 6 0  0 7 6 1 1 8 0 3 6 2
erg cell nps nch neutron nrn
. 4 9 2 9 E + 0 0  1 7 6 6 3 8 3  1 7 6 8 9 1 7 2 6 1
erg cell nps nch neutron nrn
. 4 0 3 7 E + 0 0  5 7 6 8 1 7 4  2 7 7 0 7 0 7 0 0 4
3
(D det t 2 1.0029E-02
wgt 
9 . 9 6 8 0 E - 0 1  6
psc
1 2 4 7 E - 0 1
amfp




l .OOOOE-Ol  1,
e r g




































2 6 2 4 E - 0 1
psc
9 8 9 6 E - 0 1
psc
0 2 6 1 E - 0 1
psc
3 6 6 0 E - 0 1
amfp




1 . 7 5 9 6 E - 0 1
amfp 
3 . 4 3 7 9 E - 0 1
ddetx
2 . 4 2 8 7 E + 0 0
ddetx
2 . 7 6 0 8 E + 0 0
ddetx 
3 . 5 5 5 8 E + 0 0
ddetx 
3 .4693E + 00
radius 
l .OOOOE-Ol  6,
radius 
l .OOOOE-Ol  2
radius 
l .OOOOE-Ol  2,
radius 
l.OOOOE-Ol 6,
erg cell nps nch neutron nrn
9 0 2 4 E - 0 1  5 7 6 9 9 1 3  1 7 7 2 4 3 1 7 5 9
erg cell nps nch neutron nrn
4 3 3 5 E + 0 0  9 7 7 2 6 6 7  0 7 7 5 1 8 8 1 5 8
erg cell nps nch neutron nrn
4 3 3 5 E + 0 0  9 7 7 2 6 6 7  0 7 7 5 1 8 8 1 5 8
erg cell nps nch neutron nrn










1 1 . 0 8 1 5 E - 0 2
det t
2 7 . 9 3 5 5 E - 0 3
wgt






4 4 0 1 E + 0 0
psc
9 8 8 1 E - 0 1
psc
0 0 9 0 E - 0 1
amfp 
4 .4 2 9 8 E - 0 1
amfp
1 . 2 3 3 6 E - 0 2
amfp
6 . 4 5 0 1 E - 0 2
ddetx
5 . 1 1 2 3 E + 0 0
ddetx
2 . 6 9 2 7 E + 0 0
ddetx
3 . 0 6 9 0 E + 0 0
radius 




l .OOOOE-Ol  1.
erg
0 7 1 8 E + 0 0
erg
2 3 7 1 E + 0 0
erg
1 8 7 5 E+ 00
cell nps nch neutron nrn
5 7 7 7 3 9 9  1 7 7 9 9 2 9 4 6 4
c e l l  nps nch neutron nrn
3 7 8 3 7 7 4  0 7 8 6 3 3 1 6 7 5
cell nps nch neutron nrn








0 0 3 9 E - 0 1
amfp
1 . 5 5 8 4 E - 0 1
ddetx
2 . 3 5 0 9 E + 0 0
radius 
l .OOOOE-Ol  1
erg




7 8 8 0 1 7
nch
0
neutron n r n  
7 9 0 5 6 4 2 0 7
det t
2 8 . 0 1 5 3 E - 0 3
w g t  
9 . 9 8 3 4 E - 0 1  5
psc
6 0 1 6 E - 0 1
amfp 
1 . 4 9 6 8 E - 0 1
ddetx 
3 . 0 9 2 0 E + 0 0
radius 
l .OOOOE-Ol  5,
e r g









































en det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
§ 1 1.0328E-02 l.OOOOE+00 5.0605E-01 2 . 4 9 1 6 E - 0 1 2.4655E+00 l.OOOOE-Ol 3 . 2 1 8 3 E + 0 0 1 8 5 7 4 2 2 0 8 6 0 2 6 3 8 7 8
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
m 1 1.1349E-02 1.OOOOE+00 5 .0217E-01 1.4714E-01 2.4655E+00 l.OOOOE-Ol 1.1462E+00 1 8 5 7 4 2 2 0 8 6 0 2 6 3 8 8 5
8
~o det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
L < 1 1.9B02E-02 9.9925E-01 7 . 0 8 9 2 E - 0 1 1.0589E-01 2 .2631E+00 l.OOOOE-Ol 1.6878E+00 7 8 5 9 8 4 3 1 8 6 2 6 6 4 1 4 5
C Q -
3 " det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
ï
1 2.4101E-01 9 . 9 9 9 2 E - 0 1 4.8567E+00 6.1143E-02 1 . 7 3 6 9 E + 0 0 l .OOOOE-Ol 3 . 7 5 2 8 E + 0 0 1 8 6 0 4 3 2 1 8 6 3 2 5 1 0 8 8
3
CD det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 1.0170E-02 9.9865E-01 5 . 6 0 2 0 E - 0 1 2 . 7 7 3 9 E - 0 2 2 . 9 1 8 2 E + 0 0 l.OOOOE-Ol 8.3134E-01 9 8 8 1 0 0 7 1 8 8 3 8 8 2 8 1 2
?
3 . det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
3"
CD 1 1.1477E-02 9.9860E-01 5.4790E-01 5 . 2 8 5 6 E - 0 2 2.6827E+00 l.OOOOE-Ol 8 . 2 5 4 0 E - 0 1 9 8 8 1 0 0 7 2 8 8 3 8 8 2 8 2 0
S det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
■ D
O
1 1.1226E-02 9 . 9 9 0 3 E - 0 1 5.0879E-01 1 . 4 2 9 0 E - 0 1 2 . 4 9 9 3 E + 0 0 l.OOOOE-Ol G.8133E-01 5 8 8 4 5 1 5 2 8 8 7 3 8 8 7 6 3
Q .
C det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
Q.
o"
1 1 . 7 3 5 9 E - 0 2 9 . 9 9 9 1 E - 0 1 5 . 7 2 4 5 E - 0 1 1.1119E-01 2.1670E+00 l.OOOOE-Ol 1 . 0 8 9 7 E + 0 0 3 8 8 9 0 3 5 1 8 9 1 9 3 8 1 7 4
3
"O det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
O
3"
1 2 . 3 8 7 7 E - 0 2 9 . 9 9 8 5 E - 0 1 5.5994E-01 3 . 6 1 8 1 E - 0 2 1.8972E+00 1 . OOOOE-01 1.0875E+00 1 8 8 9 0 3 5 2 8 9 1 9 3 8 1 8 6
C T det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
CD
Q . 1 1.0125E-02 l.OOOOE+00 5 . 0 0 0 5 E - 0 1 1.5913E-01 2.5891E+00 l.OOOOE-Ol 6 . 7 3 6 0 E - 0 1 1 9 1 6 4 3 7 0 9 1 9 4 2 6 5 3 9
$ det t wgt psc amfp ddetx radius erg cell n p s nch neutron nrn
O 1 1 . 3 1 3 3 E - 0 2 9 . 9 9 8 1 E - 0 1 1 . 9 7 1 4 E + 0 0 4.1724E-01 3.9671E+00 l .OOOOE-Ol 1 . 3 2 2 9 E + 0 0 3 9 3 5 6 4 2 2 9 3 8 6 8 0 4 8 6
T 3 det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
( D
g
1 1 . 3 8 7 9 E - 0 2 9 . 9 9 7 1 E - 0 1 5.6021E-01 8 . 8 9 7 2 E - 0 2 2 . 4 2 3 9 E + 0 0 l .OOOOE-Ol 1.3175E+00 3 9 3 5 6 4 2 3 9 3 8 6 8 0 4 9 4
(7)' det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
o 1 1.0622E-02 9 . 9 8 5 2 E - 0 1 5 . 1 5 7 6 E - 0 1 3 . 2 4 0 0 E - 0 1 2 . 3 6 2 4 E + 0 0 l .OOOOE-Ol 5.2145E-02 3 9 4 6 7 4 1 1 9 4 9 8 4 8 1 6 9
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn
1 6.3379E-02 9 . 9 9 9 2 E - 0 1 2 . 4 4 0 2 E + 0 0 1.3170E-01 2 . 3 1 7 6 E + 0 0 l.OOOOE-Ol 1 . 4 1 0 1 E + 0 0 1 9 7 0 8 0 2 1 9 7 3 9 6 8 0 5 5
det t wgt psc amfp ddetx radius erg cell nps nch neutron nrn






§ dump no. 2 on file s3.r nps = 2879960 coll = 451798818 ctm = 15.01 nrn = 2888005498
2 ,
^ ***********************************************************************************************************************
o dump no. 3 on file s3.r nps = 5759960 coll = 923614498 ctm = 30.01 nrn = 57762146590
1
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
2  dump no. 4 on file s3.r nps = 8639860 coll = 1385459232 ctm = 45.01 nrn = 8664525842
i3
( D  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
^ dump no. 5 on file s3.r nps = 11519920 coll = 1847469355 ctm = 60.01 nrn = 11553888817
■n
p. warning. tally not scored beyond last energy bin.
g" nps = 12404003 nrn = 12440253111 tal = 15 erg = 1.0421E+01
warning. tally not scored beyond last energy bin.
CD nps = 12404003 nrn = 12440253111 tal = 25 erg =  1.0421E+0173
Q ***■*.**********************************.************************************************■***********************.*******
c dump no. 6 on file s3.r nps = 14403179 coll = 2309663895 ctm = 75.03 nrn = 14444442817
5'3 *********************************************************************************************************************** 
o  dump no. 7 on file s3.r nps = 17282919 coll = 2771569915 ctm = 90.03 nrn = 17333187431
CT
*********************************************************************************************************************** 
g dump no. 8 on file s3.r nps = 20166178 coll = 3233699177 ctm = 105.05 nrn = 20223374734
g0c ***********************************************************************************************************************
-O dump no. 9 on file s3.r nps = 23046238 coll = 3695607706 ctm = 120.05 nrn = 23112078753
CD
1(/) ***********************************************************************************************************************(/)o' dump no. 10 on file s3.r nps = 25929177 coll = 4157742755 ctm = 135.06 nrn = 26002278891
3
*********************************************************************************************************************** 
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dump no. 80 on file s3.r nps = 227646619 coll = 35501111197
Iproblem summary
run terminated when it had used 1200 minutes of computer time.
+
trial20
ctm = 1185.70 2 2 8 2 7 5 7 8 8 3 3 4
probid =
1 1 / 0 1 / 0 2  1 3 : 3 0 : 4 4  














neutron creation tracks weight energy neutron loss tracks weight energy
(per source particle) (per source particle)
source 0 0. 0. escape 4 5 6 6 6 2 1 . 9 8 1 4 E - 0 3 3 6 9 1 8 E - 0 3
nucl. interaction 0 0. 0. energy cutoff 0 0. 0
particle decay 0 0. 0. time cutoff 0 0 . 0
weight window 0 0. 0. weight window 0 0. 0
cell importance 0 0. 0. cell importance 0 0. 0
weight cutoff 0 0. 0. weight cutoff 0 0. 0
energy importance 0 0. 0. energy Importance 0 0. 0
dxtran 0 0 . 0. dxtran 0 0. 0
forced collisions 0 0 . 0. forced collisions 0 0. 0
exp. transform 0 0 . 0. exp. transform 0 0. 0
upscattering 0 0. 5 . 0 1 0 6 E - 1 6 downscattering 0 0 . 2 4 0 2 0 E - 0 4
photonuclear 4 5 6 6 5 9 1 . 9 8 2 1 E - 0 3 3 . 9 3 3 1 E - 0 3 capture 0 7 . 5 4 4 1 E - 0 7 9 8 7 8 2 E - 0 7
(n ,xn) 6 2 . 6 0 3 1 E - 0 8 1 . 3 2 9 9 E - 0 8 loss to (n,xn) 3 1 . 3 0 1 6 E - 0 8 1 l l O O E - 0 7
prompt fission 0 0. 0. loss to fission 0 0. 0
delayed fission 0 0. 0. nucl. interaction 0 0. 0
particle decay 0 0. 0
tabular boundary 0 0 . 0 . tabular boundary 0 0. 0
tabular sampling 0 0. 0.
total 4 5 6 6 6 5 1 . 9 8 2 2 E - 0 3 3 . 9 3 3 1 E - 0 3 total 4 5 6 6 6 5 1 . 9 8 2 2 E - 0 3 3 9 3 3 1 E - 03
number of neutrons banked 4 5 6 6 6 2 average time of (shakes) cutoffs
neutron tracks per source particle 1. 9 8 2 2 E - 0 3 escape 8 .3 2 06 E + 00 tco 1.OOOOE+34
neutron collisions per source particle 1. 3 0 3 3 E - 0 3 capture 4. 06 12 E+0 3 eco 0 .OOOOE+00
total neutron collisions 3 0 0 2 7 3 capture or escape 9. 8 63 1 E+ 00 wcl 5 .OOOOE-01
net multiplication O.OOOOE+00 0 . 0 0 0 0 any termination 9. 86 3 1 E + 0 0 wc2 -2 .5 0 0 0 E - 0 1
photon creation tracks weight energy photon loss tracks weight e n e r g y
(per source particle) (per source particle)
source 0 0. 0. escape 6 4 2 3 5 9 2 2 . 7 8 8 1 E - 0 2 2 4 5 0 4 E  01






























particle decay 0 0. 0. time cutoff 0 0. 0.
weight window 0 0. 0. weight window 0 0. 0.
cell importance 0 0. 0 . cell importance 0 0. 0.
weight cutoff 0 0. 0. weight cutoff 0 0. 0.
energy importance 0 0. 0. energy importance 0 0. 0.
dxtran 0 0. 0. dxtran 0 0. 0 .
forced collisions 0 0 . 0. forced collisions 0 0. 0 .
exp. transform 0 0. 0. exp. transform 0 0. 0.
from neutrons 6 0 0 2 . 7 6 3 8 E - 0 7 2 . 1 4 6 0 E - 0 6 Compton scatter 0 0. 4 . 0 0 7 7 E - 0 1
bremsstrahlung 5 9 4 4 4 5 7 2 2 . 5 8 0 2 E - 0 1 7 . 3 2 8 7 E + 0 0 capture 6 4 4 8 6 7 2 . 7 9 9 0 E - 0 3 2 . 5 0 5 9 E - 0 2
p-annihilation 0 0. 0. pair production 3 8 8 5 8 4 0 0 1 . 6 8 6 6 E - 0 1 1 . 6 7 5 9 E + 0 0
photonuclear 1719 7 . 4 6 1 4 E - 0 6 5 . 8 2 9 4 E - 0 5 photonuclear abs 4 4 9 5 9 5 1 . 9 5 1 5 E - 0 3 2 . 3 8 4 4 E - 0 2
electron x-rays 0 0. 0.
1st fluorescence 0 0. 0.
2nd fluorescence 0 0. 0.
(gamma,xgamma) 0 0. 0 .
tabular sampling 0 0. 0 .
total 5 9 4 4 6 8 9 1 2 . 5 8 0 3 E - 0 1 7 . 3 2 8 7 E + 0 0 total 5 9 4 4 6 8 9 1 2.5803E-01 7 . 3 2 8 7 E + 0 0
number of photons banked 5 9 4 4 6 8 9 1 average time of (shakes) cutoffs
photon tracks per source particle 2 . 5 8 0 3 E - 0 1 escape 5. 5 5 3 6 E - 0 2 tco 1,.OOOOE+34
photon collisions per source particle 
total photon collisions
2 . 3 7 9 5 E - 0 1
5 4 8 2 0 0 5 7
capture
capture or escape 
any termination
8 . 7 2 9 1 E - 0 3
4 . 8 7 2 1 E - 0 2




6 . 7 0 0 0 E + 0 0
- 5 . 0 0 0 0 E - 0 1
- 2 . 5 0 0 0 E - 0 1
electron creation tracks weight energy electron loss tracks
(per source particle)
source 2 3 0 3 8 6 8 8 4 l .OOOOE+00 1 . 8 0 0 0 E + 0 1 escape 5 1 1 3 5 6 4 2
nucl. interaction 0 0. 0. energy cutoff 2 4 8 7 2 7 5 2 5 1
particle decay 0 0. 0. time cutoff 0 0
weight window 0 0. 0. weight window 0 0
cell importance 0 0. 0. cell importance 0 0
weight cutoff 0 0. 0. weight cutoff 0 0
energy importance 0 0. 0. energy importance 0 0
pair production 1 4 9 0 9 5 3 3 6 . 4 7 1 5 E - 0 2 5 . 6 4 1 7 E - 0 1 scattering 0 0
compton recoil 6 6 5 5 4 6 5 2 . 8 8 8 8 E - 0 2 2 . 5 8 9 2 E - 0 1 bremsstrahlung 0 0
photo-electric 6 2 4 4 9 2 2 . 7 1 0 6 E - 0 3 2 . 4 2 6 9 E - 0 2
photon auger 0 0 . 0.
electron auger 0 0. 0.
knock-on 1 2 6 4 7 1 5 5 . 4 8 9 5 E - 0 3 4 . 1 9 3 4 E - 0 2 interact or decay 0 0
(gamma,xelectron) 0 0. 0 .
total 2 5 3 8 4 1 0 8 9 1 . 10 18 E+0 0 1 . 8 8 8 9 E + 0 1 total 2 5 3 8 4 1 0 8 9 1
weight energy
(per source particle)
2 1 9 6 E - 0 2
0 79 6 E + 0 0
2 . 3 1 1 6 E - 0 1  






5 . 1 9 5 0 E + 0 0
7 . 3 2 8 7 E + 0 0
0 .
1 . 8 8 8 9 E+ 0 1












(/) electron tracks per source particle 1.1018E+00 
electron substeps per source particle 1.6010E+02 











computer time so far in this run 1200.01 minutes
computer time in merun 
source particles per minute 
random numbers generated
1199.97 minutes 
1 . 9 1 9 9 E + 0 5  
2 3 1 0 2 3 4 9 7 7 1 0
range of sampled source weights = l.OOOOE+00 to 1 . OOOOE+00
maximum number ever in bank 
bank overflows to backup file 
dynamic storage 0 words,




2 9 6 9  i n  h i s t o r y l 0 1 7 8 8 9 0 7
source efficiency = 1.0000 in cell 


















tracks population collisions collisions number flux average average
cell entering * weight weighted weighted track weight track mfp
(per history) energy energy (relative) (cm)
1 1 1 0 1 6 7 4 2 6 5 6 4 7 6 1 0 4 9 2 . 6 4 9 0 E - 0 4 2 . 6 1 9 9 E - 0 2 1 . 9 0 0 3 E + 0 0 9 . 9 9 7 5 E - 0 1 4 . 8 2 0 5 E + 0 0
2 2 1 8 5 9 2 9 171631 941 4 . 0 8 2 8 E - 0 6 3 . 9 6 0 0 E - 0 2 1 . 8 9 9 9 E + 0 0 9 . 9 9 7 6 E - 0 1 4 . 8 1 3 8 E + 0 0
3 3 1 4 9 4 2 2 2 4 7 0 3 6 6 1 0 9 0 2 . 6 5 0 9 E - 0 4 5 . 0 1 3 0 E - 0 2 1 . 88 22 E+0 0 9 . 9 9 7 2 E - 0 1 4 . 8 2 4 5 E + 0 0
4 4 1 7 5 1 0 3 1 5 9 6 6 3 792 3 . 4 3 6 7 E - 0 6 5 . 3 6 9 0 E - 0 2 1.B721E+00 9 . 9 9 7 1 E - 0 1 4 . 8 3 2 1 E + 0 0
5 5 1 5 2 3 6 5 2 0 3 6 0 5 4 7 8 9 6 2 . 0 7 8 2 E - 0 4 4 . 6 6 4 7 E - 0 2 1 . 8 6 1 5 E + 0 0 9 . 9 9 6 8 E - 0 1 4 . 8 3 4 3 E + 0 0
6 6 1 4 6 6 3 0 1 3 3 6 3 3 585 2 . 5 3 8 4 E - 0 6 3 . 2 0 3 9 E - 0 2 1 . 8 5 2 0 E + 0 0 9 . 9 9 6 4 E - 0 1 4 . 8 3 0 1 E + 0 0
7 7 1 3 1 9 8 5 1 5 9 1 1 6 3 5 3 6 9 1 . 5 3 4 6 E - 0 4 3 . 4 6 9 3 E - 0 2 1 . 8 4 2 1 E+ 00 9 . 9 9 6 2 E - 0 1 4 . 8 4 1 6 E + 0 0
8 8 1 1 5 3 8 6 1 0 5 3 2 5 447 1 . 9 3 7 6 E - 0 6 5 . 9 2 7 2 E - 0 2 1 . 8 3 1 1 E + 0 0 9 . 9 9 6 1 E - 0 1 4 . 8 4 6 3 E + 0 0
9 9 8 9 5 1 0 144275 9 2 1 0 4 3 . 9 9 5 3 E - 0 4 4 . 8 1 0 9 E - 0 2 1.7967E+00 9 . 9 9 4 7 E - 0 1 4 . 8 8 0 5 E + 0 0
10 10 4 5 6 6 6 2 4 5 6 6 6 2 0 O.OOOOE+00 8 . 6 7 8 4 E - 0 2 1.8552E+00 9 . 9 9 6 0 E - 0 1 O.OOOOE+00
total 1 7 0 4 6 6 6 2 0 4 6 5 9 3 3 0 0 2 7 3 1 . 3 0 2 8 E - 0 3
Iphoton activity in each cell print table :
tracks population collisions collisions number flux average average
cell entering * weight weighted weighted track weight track mfp
(per history) energy energy (relative) (cm)
1 1 4 9 6 3 5 9 1 7 2 6 2 6 2 0 3 8 0 1 5 4 8 . 8 4 6 0 E - 0 2 9 . 5 9 3 3 E + 0 0 9 . 5 9 3 3 E + 0 0 1 .OOOOE+00 1 . 7 5 2 1 E + 0 0
2 2 3 7 0 0 6 8 4 4 3 7 0 0 9 0 0 5 2 6 4 2 7 5 1 . 1 4 7 1 E - 0 3 9 . 5 4 5 2 E + 0 0 9.5452E+00 1.OOOOE+00 1 . 7 5 4 7 E + 0 0
3 3 3 6 7 4 0 0 1 4 3 6 8 5 3 3 4 9 1 3 7 6 4 9 7 9 5 . 9 7 4 7 E - 0 2 9.5586E+00 9 . 5 5 8 6 E + 0 0 9 . 9 9 9 9 E - 0 1 1 . 7 5 4 0 E + 0 0
4 4 2 2 6 7 0 2 0 9 2 2 6 7 1 4 4 2 1 5 0 2 2 0 6 . 5 2 0 3 E - 0 4 9 . 5 6 1 6 E + 0 0 9 . 5 6 1 6 E + 0 0 9 . 9 9 9 9 E - 0 1 1 . 7 5 3 9 E + 0 0
5 5 2 2 5 1 1 6 2 0 2 2 5 7 7 7 8 6 7 9 9 1 6 7 6 3 . 4 6 8 8 E - 0 2 9 . 5 5 4 2 E + 0 0 9 . 5 5 4 2 E + 0 0 9 . 9 9 9 9 E - 0 1 1 . 7 5 4 4 E + 0 0
6 6 1 3 9 6 5 1 5 4 1 3 9 6 5 9 1 3 8 9 2 9 9 3 . 8 7 6 0 E - 0 4 9.542DE+00 9 . 54 2 0E+0 0 9 . 9 9 9 9 E - 0 1 1 . 7 5 5 1 E + 0 0
7 7 1 3 8 6 7 0 9 5 1 3 9 0 5 7 4 2 4 7 5 4 4 3 0 2 . 0 6 3 7 E - 0 2 9 . 5 2 7 5 E + 0 0 9 . 5 2 7 5 E + 0 0 9 . 9 9 9 9 E - 0 1 1 . 7 5 6 0 E + 0 0




























9 9 8525288 8581813 7 3 7 2 3 2 7 3 . 1 9 9 9 E - 0 2 9 . 4 1 0 1 E + 0 0 9 . 4 1 0 1 E + 0 0 9 . 9 9 9 8 E - 0 1 1.7628E+00
10 10 6 4 2 3 5 9 2 6 4 2 3 5 9 2 0 O.OOOOE+00 8.B569E+00 8 . 8 5 6 9 E + 0 0 9 . 9 9 9 7 E - 0 1 O.OOOOE+00
total 1 7 0 3 0 0 3 7 5 2 2 9 7 4 7 2 6 0 5 4 8 2 0 0 5 7 2 . 3 7 9 5 E - 0 1
lelectron activity in each cell print table 1 26
tracks population substeps substeps number flux average average
cell entering * weight weighted weighted track weight track mfp
(per history) energy energy (relative) (cm)
1 1 2 3 0 4 3 5 8 2 0 2 4 0 0 3 5 5 4 3 3 6 1 7 5 3 7 2 1 5 4 1 . 57 0 2E+0 2 1.2701E+01 1 . 2 7 0 2 E + 0 1 l .OOOOE+00 2 . 5 0 1 0 E - 0 3
2 2 9 0 6 5 4 3 9 7 2 8 8 9 5 8 2 3 9 0 1 2 . 5 2 7 9 E - 0 2 8 . 3 6 1 0 E + 0 0 8 . 3 6 1 7 E + 0 0 l .OOOOE+00 2 . 1 3 7 4 E - 0 3
3 3 8 4 0 4 3 2 6 4 0 8 3 2 9 2 8 9 1 9 2 0 7 9 1 . 2 5 5 2 E + 0 0 8 . 5 0 1 3 E + 0 0 8 . 5 0 2 1 E + 0 0 l .OOOOE+00 2 . 1 5 3 1 E - 0 3
4 4 4 6 3 1 2 1 5 0 2 5 0 2 2 9 1 2 3 8 8 1 . 2 6 4 1 E - 0 2 8 . 5 1 1 1 E + 0 0 8 . 5 118E+00 l .OOOOE+00 2 . 1 5 4 2 E - 0 3
5 5 4 4 8 1 0 6 3 6 7 5 6 3 0 1 6 6 8 9 2 3 9 2 7 . 2 4 4 0 E - 0 1 8.5145E+00 8 . 5 1 5 3 E + 0 0 l .OOOOE+00 2 . 1 5 4 5 E - 0 3
6 6 277337 3 0 1 2 7 5 1 7 1 3 4 7 8 7 . 4 3 7 4 E - 0 3 8.5176E+00 8 . 5 1 8 4 E + 0 0 1.OOOOE+00 2 . 1 5 4 9 E - 0 3
7 7 2 6 9 5 8 1 2 1 7 4 1 5 1 9 8 2 1 9 6 3 3 4 . 2 6 3 2 E - 0 1 8 . 5 1 4 2 E + 0 0 8.5150E+00 l.OOOOE+00 2 . 1 5 4 4 E - 0 3
8 8 1 6 5 7 2 5 1 7 9 8 6 6 1007643 4 . 3 7 3 7 E - 0 3 8.5082E+00 8 . 5 0 8 9 E + 0 0 1. OOOOE+00 2 . 1 5 3 8 E - 0 3
9 9 1 5 6 5 4 0 3 0 0 4 7 2 9 1 4 4 2 1 0 2 6 9 6 . 2 5 9 5 E - 0 1 8 . 4 9 9 3 E + 0 0 8.5000E+00 l.OOOOE+00 2 . 1 5 2 7 E - 0 3
10 10 2 3 5 5 0 0 4 4 8 2 3 0 4 7 9 5 8 0 0 O.OOOOE+00 1 . 7 7 2 3 E + 0 1 1 . 7 7 2 3 E + 0 1 l .OOOOE+00 O.OOOOE+00
total 4 6 9 4 6 3 6 5 3 4 8 7 7 3 4 4 9 4 3 6 8 8 5 3 4 3 9 3 7 1.6010E+02
Ineutron weight balance in each cell print table 130
cell index 1 2 3 4 5 6 7 8





















- 1 . 1 4 9 8 E - 0 3
7 . 5981E-
0 . 0 0 0 0 E 4
O.OOOOE4











- 9 . 5 0 0 4 E - 0 4














0 2 5 9 E - 0 4




3 6 9 3 E  04



























































































loss to (n,xn) 
fission



























2 . 6 0 3 1 E - 0 8
- 1 . 3 0 1 6 E - 0 8
O.OOOOE+00
O.OOOOE+00























































- 2 . 2 1 8 0 E - 0 7  
O.OOOOE+00 
0 . OOOOE+00 
O.OOOOE+00 
0 . OOOOE+00 





























9 8 1 4 E - 0 3




- 9 . 3 7 8 1 E - 0 3

































loss to (n,xn) 
fission
loss to fission
O.OOOOE+00 - 7 . 5 4 4 1 E - 0 7  
O.OOOOE+00 2 . 6 0 3 1 E - 0 8  































total O.OOOOE+00 1.9814E-03 





















2 . 1 2 9 8 E - 0 5  
O.OOOOE+00 
- 2 . 0 9 5 9 E - 0 2
O.OOOOE+00
- 1 . 7 1 2 9 E - 0 1
1.6063E-01
O.OOOOE+00
- 2 . 7 2 4 0 E - 0 4
O.OOOOE+00
- 1 . 5 9 5 3 E - 0 1












- 8 . 2 5 8 2 E - 0 3
O.OOOOE+00
-6.4451E-02




- 6 . 0 2 4 4 E - 0 2
. 0 1 9 0 E - 0 2
.OOOOE+00
. 9 3 6 7 E - 0 3
,0000E+00
, 0 3 9 6 E - 0 2
3 . 7 2 6 6 E - 0 2
O.OOOOE+00
- 5 . 4 6 7 8 E - 0 5
O.OOOOE+00
- 3 . 7 0 4 6 E - 0 2
3 . 7 0 0 4 E - 0 2
O.OOOOE+00
- 7 . 7 7 9 5 E - 0 3
O.OOOOE+00
- 6 . 2 7 1 9 E - 0 3



























































































7 . 3 2 8 7 E - 0 8




2 . 8G4 7 E- 06  







9 . 3 5 3 8 E - 0 6  
-1.3816E-05 
O.OOOOE+OO 
- 8 . 1 3 1 9 E - 0 4  
3.4724E-08 
- 9 . 1 7 5 9 E - 0 6  
O.OOOOE+OO 
O.OOOOE+OO 
0 . OOOOE+00 
0 . OOOOE+00 
O.OOOOE+OO
5.1893E-08 
4 . 8 9 4 9 E - 0 4  
-7.0281E-04 
O.OOOOE+OO 
- 4 . 2 3 5 9 E - 0 2  
1.8794E-06 
- 4 . 9 3 9 1 E - 0 4  
O.OOOOE+OO 









1 . 3 0 2 2 E - 0 8  







2 . 8 5 6 9 E - 0 4  
4.0698E-04 
O.OOOOE+OO 
2 . 4 5 9 8 E - 0 2  
1.0808E-06 









4 . 8 3 5 3 E - 0 6  
O.OOOOE+OO 
- 2 . 7 4 5 5 E - 0 4  
1 . 7 3 6 2 E - 0 8  








- 2 . 4 3 2 6 E - 0 4  
O.OOOOE+OO 
- 1 . 4 6 1 6 E - 0 2  
6.8580E-07 








- 2 . 5 0 4 5 E - 0 6  
O.OOOOE+OO 
- 1 . G 21 0 E - 0 4  
1 . 7 3 6 2 E - 0 8  






7 . 8 2 2 8 E - 0 8  
2 . 4 3 7 5 E - 0 4  
- 3 . 8 4 1 8 E - 0 4  
O.OOOOE+OO 
- 2 . 2 5 6 8 E - 0 2  
8 . 6 8 1 0 E - 0 7  






































total 1.9223E-01 - 8 . 2 6 7 9 E - 0 4
cell index 10
cell number 10 total
external events :
entering 2 . 7 8 8 1 E - 0 2 7 . 3 9 1 9 E - 0 1
source O.OOOOE+OO O.OOOOE+OO
energy cutoff O.OOOOE+OO - 5 . 6 7 3 2 E - 0 2
time cutoff O.OOOOE+OO O.OOOOE+OO
exiting - 2 . 7 8 8 1 E - 0 2 - 7 . 6 7 0 7 E - 0 1
total O.OOOOE+OO - 8 . 4 6 1 3 E - 0 2
variance reduction events :
weight window 0.OOOOE+00 O.OOOOE+OO
cell importance O.OOOOE+OO 0 . OOOOE+00
weight cutoff O.OOOOE+OO O.OOOOE+OO
energy importance O.OOOOE+OO O.OOOOE+OO
dxtran O.OOOOE+OO O.OOOOE+OO
forced collisions O.OOOOE+OO O.OOOOE+OO
exp. transform O.OOOOE+OO O.OOOOE+OO
total 0 . OOOOE+00 0.OOOOE+OO
physical events:
from neutrons O.OOOOE+OO 2 . 7 6 3 8 E - 0 7
bremsstrahlung O.OOOOE+OO 2 . 5 8 0 2 E - 0 1
capture O.OOOOE+OO - 2 . 7 9 9 0 E - 0 3
p-annihilâtion O.OOOOE+OO O.OOOOE+OO
pair production O.OOOOE+OO - 1 . 6 8 6 6 E - 0 1
photonuclear O.OOOOE+OO 7 . 4 6 1 4 E - 0 6
photonuclear abs O.OOOOE+OO - 1 . 9 5 1 5 E - 0 3
electron x-rays O.OOOOE+OO O.OOOOE+OO
flourescence O.OOOOE+OO O.OOOOE+OO
particle decay O.OOOOE+OO O.OOOOE+OO
nucl. interaction 0.OOOOE+00 O.OOOOE+OO
tabular sampling O.OOOOE+OO 0 . OOOOE+OO
total O.OOOOE+OO 8 . 4 6 1 3 E - 0 2
lelectron weight balance in each cell
cell index 1 2
cell number 1 2












































3 . 6 4 7 9 E - 0 3
O.OOOOE+OO
- 2 . 5 7 6 2 E - 0 2
O.OOOOE+OO
- 2 . 1 5 5 7 E - 0 3




- 1 . 9 9 1 5 E - 0 3
1.9450E-03 
O.OOOOE+OO 
- 1 . 4 7 1 5 E - 0 2  
O.OOOOE+OO 
- 1 . 2 9 5 5 E - 0 3
1 . 2 0 3 8 E - 0 3
O.OOOOE+OO




8 . 6 8 4 0 E - 0 3
O.OOOOE+OO
- 1 . 1 9 6 0 E - 0 3  - 7 . 8 5 6 0 E - 0 4
7 . 1 9 3 3 E - 0 4
O.OOOOE+OO
- 9 . 8 4 7 8 E - 0 5
O.OOOOE+OO
- 7 . 1 2 6 8 E - 0 4
6 . 7 9 4 7 E - 0 4
O.OOOOE+OO
- 1 . 2 9 1 8 E - 0 2
O.OOOOE+OO
- 1 . 2 7 1 8 E - 0 4










































total O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO














5 . 4 8 8 5 E - 0 3  
0.OOOOE+OO 
O.OOOOE+OO
3 . 1 1 2 7 E - 0 4
















7 . 9 0 8 9 E - 0 5  
7 . 2 8 7 7 E - 0 6  
O.OOOOE+OO 
O.OOOOE+OO 
8 . 6 8 1 0 E - 0 9  
O.OOOOE+OO 
0.OOOOE+OO
9 . 4 5 6 9 E - 0 3
4.2145E-03 
3 . 9 4 1 8 E - 0 4  
O.OOOOE+OO 
O.OOOOE+OO 
2 . 7 7 7 9 E - 0 7  
O.OOOOE+OO 
O.OOOOE+OO









2 . 5 0 0 4 E - 0 3
2 . 3 5 6 0 E - 0 4
O.OOOOE+OO
O.OOOOE+OO
1 . 2 1 5 3 E - 0 7
O.OOOOE+OO
O.OOOOE+OO
6 . 1 6 9 2 E - 0 5  
2 . 7 7 1 4 E - 0 5  
2 . 4 1 3 3 E - 0 6  
O.OOOOE+OO 
O.OOOOE+OO 
0 . OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO
8 . 1 7 2 4 E - 0 3  
3 . 8 2 2 1 E - 0 3  




0 . OOOOE+OO 
O.OOOOE+OO























-1.0222E+00 - 1 . 0 5 9 9 E + 0 0
total -2.2204E-16 -1.0180E-01
variance reduction events:
weight window O.OOOOE+OO O.OOOOE+OO














































2 . 8 8 8 8 E - 0 2  
2 . 7 1 0 6 E - 0 3  
O.OOOOE+OO 
0.OOOOE+OO 






















Ineutron activity of each nuclide in each cell, per source particle print table 140
cell cell nuclides atom total collisions wgt. lost wgt. gain wgt. gain photons photon wgt avg photon
index name fraction collisions * weight to capture by f i s s i on by {n ,xn) produced produced energy
1 1 8 2 2 0 6 . 6 0 c 2 . 4 6 E - 0 1 1 4 6 0 5 6 . 3 3 7 3 E - 0 5 5.1401E-08 O.OOOOE+OO O.OOOOE+OO 33 1 . 0 5 0 9 E - 0 8 7 . 4 7 8 6 E + 0 0
8 2 2 0 7 . 6 0 c 2 . 3 0 E - 0 1 14348 6 . 2 2 5 5 E - 0 5 1 . 1 4 7 9 E - 0 7 O.OOOOE+OO O.OOOOE+OO 67 6 . 1 8 8 2 E - 0 8 7 . 6 2 9 9 E + 0 0
8 2 2 0 8 . 6 0 c 5.25E-01 3 2 0 9 6 1 . 3 9 2 7 E - 0 4 1 . 7 5 8 3 E - 0 8 0.OOOOE+OO O.OOOOE+OO 31 8 . 9 5 9 8 E - 1 0 7 . 4 0 0 1 E + 0 0
2 2 8 2 2 0 6 . 6 0 c 2.46E-01 2 3 7 1 . 0 2 8 6 E - 0 6 6 . 9 5 9 1 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
8 2 2 0 7 . 6 0 c 2.30E-01 2 1 0 9 . 1 0 3 7 E - 0 7 8 . 4 3 3 6 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
8 2 2 0 8 . 6 0 c 5.25E-01 4 94 2 . 1 4 3 8 E - 0 6 2.2774E-10 O.OOOOE+OO O.OOOOE+OO 1 2 . 3 8 5 1 E - 1 1 6 . 7 7 3 1 E + 0 0
3 3 8 2 2 0 6 . 6 0 c 2 . 4 6 E - 0 1 1 4 6 6 9 6 . 3 6 5 4 E - 0 5 4 . 9 6 8 0 E - 0 8 O.OOOOE+OO O.OOOOE+OO 38 1 . 7 3 1 0 E - 0 8 7 . 4 7 2 6 E + 0 0
82207.60c 2 . 3 0 E - 0 1 1 4 3 2 0  6 . 2 1 4 0 E - 0 5  7 . 4 6 1 3 E - 0 8  0 . OOOOE+OO 8. 6 7 6 1 E - 0 9 57 3 . 2 4 G 2 E - 0 8  7 . 8 7 6 0 E + 0 0
8 2 2 0 8 . GOc 5.25E-01 3 2 1 0 1 1.3930E-04 1 . 7 2 2 6 E - 0 8 O.OOOOE+OO 4 . 3 3 9 5 E - 0 9 36 2 . 1 2 0 8 E - 0 9 7 . 3 0 0 8 E + 0 0
4 4 8 2 2 0 6 . 6 0 c 2.46E-01 179 7 . 7 6 8 2 E - 0 7 5 . 1 6 6 0 E - 1 0 O.OOOOE+OO O.OOOOE+OO 1 6 . 0 3 0 1 E - 1 0 7 . 2 1 4 3 E + 0 0
8 2 2 0 7 . 6 0 c 2 . 3 0 E - 0 1 1 99 8 . 6 3 5 3 E - 0 7 8 . 7 4 9 0 E - 1 0 0 .OOOOE+OO O.OOOOE+OO 2 2 . 3 3 2 6 E - 0 9 7 . 5 8 9 2 E + 0 0
8 2 2 0 8 . 6 0 c 5 . 2 5 E - 0 1 414 1 . 7 9 6 4 E - 0 6 1 . 8 4 2 7 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
5 5 8 2 2 0 6 . 6 0 c 2 . 4 6 E - 0 1 11374 4 . 9 3 5 0 E - 0 5 4 . 3 9 8 7 E - 0 8 O.OOOOE+OO O.OOOOE+OO 38 1 . 4 2 2 4 E - 0 8 7 . 6 1 7 3 E + 0 0
8 2 2 0 7 . 6 0 c 2.3QE-01 1 1 1 9 5 4.8577E-05 5 . 7 7 5 2 E - 0 8 O.OOOOE+OO O.OOOOE+OO 38 2 . 2 0 0 2 E - 0 8 7 . 7 6 8 2 E + 0 0


























6 6 8 2 2 0 6 . 6 0 c 2.46E-01 121 5 . 2 5 0 5 E - 0 7 4 . 2 0 5 6 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
8 2 2 0 7 . 6 0 c 2 . 3 0 E - 0 1 144 6 . 2 4 8 1 E - 0 7 5 . 7 2 8 0 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
8 2 2 0 8 . 6 0 c 5 . 2 5 E - 0 1 3 2 0 1 . 3 8 8 6 E - 0 6 1 . 3 7 6 4 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
7 7 82206.60c 2.46E-01 8532 3.7021E-05 3.2323E-08 O.OOOOE+OO 0.OOOOE+OO 15 9 . 6 3 5 2 E - 0 9 7 . 0 3 7 6 E + 0 0
8 2 2 0 7 .60c 2 . 3 0 E - 0 1 8 1 9 0 3 . 5 5 3 5 E - 0 5 4 . 2 8 3 9 E - 0 8 O.OOOOE+OO O.OOOOE+OO 32 2 . 2 2 3 5 E - 0 8 8 . 6 2 3 3 E + 0 0
8 2 2 0 8 . 6 0 c 5.25E-01 1 8 6 4 7 8 . 0 9 0 4 E - 0 5 9 . 9 6 4 8 E - 0 9 O.OOOOE+OO 0 . OOOOE+OO 21 8.1509E-10 7 . 4 6 8 9 E + 0 0
8 8 8 2 2 0 6 . 6 0 c 2.46E-01 101 4 . 3 8 2 6 E - 0 7 3 . 8 2 1 6 E - 1 0 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
8 2 2 0 7 . 6 0 c 2 . 3 0 E - 0 1 95 4 . 1 0 2 6 E - 0 7 1 . 2 0 6 5 E - 0 9 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
8 2 2 0 8 . 6 0 c 5 . 2 5 E - 0 1 251 1 . 0 8 9 1 E - 0 6 9 . 5 3 2 3 E - 1 1 O.OOOOE+OO O.OOOOE+OO 0 O.OOOOE+OO O.OOOOE+OO
9 9 8 2 2 0 6 . 6 0 c 2.46E-01 2 2 1 9 7 9 . 6 2 8 1 E - 0 5 7 . 9 8 4 4 E - 0 8 O.OOOOE+OO O.OOOOE+OO 44 1 . 9 9 2 2 E - 0 8 7 . 4 9 5 4E + 0 0
8 2 2 0 7 . 6 0 c 2 . 3 0 E - 0 1 2 1 6 9 4 9 . 4 1 0 0 E - 0 5 1 . 1 6 5 6 E - 0 7 O.OOOOE+OO O.OOOOE+OO 76 5 . 5 1 6 1 E - 0 8 7 . 9 7 5 8 E + 0 0
8 2 2 0 8 . 6 0 c 5 . 2 5 E - 0 1 4 8 2 1 3 2 . 0 9 1 5 E - 0 4 2 . 5 3 9 7 E - 0 8 O.OOOOE+OO O.OOOOE+OO 49 3 . 1 4 4 3 E - 0 9 7 . 5 4 7 6 E + 0 0
total 300273 1 . 3 0 2 8 E - 0 3 7 . 5 4 4 1 E - 0 7 0 . OOOOE+OO 1 . 3 0 1 6 E - 0 8 6 0 0 2 . 7 6 3 8 E - 0 7 7 . 7 6 4 8 E + 0 0
il over all cells by nuclide total collisions wgt. lost wgt. gain wgt. gain photons photon wgt avg photon
collisions * weight to capture by fission by (n,xn) produced produced energy
8 2 2 0 6 .60c 7 2 0 1 5 3 . 1 2 4 5 E - 0 4 2 . 5 9 2 5 E - 0 7 O.OOOOE+OO O.OOOOE+OO 1 6 9 7 . 2 2 0 4 E - 0 8 7 . 4 4 8 1 E + 0 0
8 2 2 0 7 . 6 0 c 7 0 3 9 5 3 . 0 5 4 1 E - 0 4 4.1005E-07 O.OOOOE+OO 8 . 6 7 6 1 E - 0 9 272 1 . 9 6 0 8 E - 0 7 7 . 8 9 5 6 E + 0 0
8 2 2 0 8 . 6 0 c 1 5 7 8 6 3 6 . 8 4 9 4 E - 0 4 8 . 5 1 0 4 E - 0 8 O.OOOOE+OO 4 . 3 3 9 5 E - 0 9 1 5 9 8 . 0 9 9 7 E - 0 9 7 . 4 2 1 7 E + 0 0






cell cell nuclides atom total collisions wgt. lost
index name fraction collisions * weight to capture
1 1 8 2 0 0 0 . 0 2p  
8 2 0 0 0 . 02p  
8 2 0 0 0 . 0 2p
2.46E-01
2 . 3 0 E - 0 1
5 . 2 5 E - 0 1
4 9 6 7 1 5 1
4 6 3 8 4 2 9
1 0 6 0 3 6 7 3
2 . 1 5 6 0 E - 0 2
2 . 0 1 3 3 E - 0 2
4 . 6 0 2 5 E - 0 2
2 . 5 4 1 0 E - 0 4  
2 . 3 7 4 3 E - 0 4  
5 . 4 1 6 0 E - 0 4
2 2 8 2 0 0 0 . 0 2p  
8 2 0 0 0 . 02p  
8 2 0 0 0 . 0 2p
2 . 4 6 E - 0 1
2 . 3 0 E - 0 1
5 . 2 5 E - 0 1
6 4 2 7 9
5 9 8 9 7
1 3 7 9 8 5
2 . 7 9 0 0 E - 0 4  
2 . 5 9 9 8 E - 0 4  
5 . 9 8 9 3 E - 0 4
3.4464E-06 
3 . 1 2 9 5 E - 0 6  
7 . 2 4 0 0 E - 0 6
3 3 8 2 0 0 0 . 0 2p  
8 2 0 0 0 . 0 2p  
8 2 0 0 0 . 0 2p
2.46E-01 
2 . 3 0 E - 0 1  
5 . 2 5 E - 0 1
3 3 5 7 2 0 3
3 1 3 1 6 0 3
7 1 6 2 3 8 2
1 . 4 5 7 2 E - 0 2  
1 . 3 5 9 3 E - 0 2  
3 . 1 0 8 8 E - 0 2
1 . 7 2 6 8 E - 0 4  
1 . 6 2 1 5 E - 0 4  
3 . 6 7 9 8 E - 0 4
4 4 8 2 0 0 0 . 0 2p  
8 2 0 0 0 . 0 2p  
8 2 0 0 0 . 02p
2 . 4 6 E - 0 1  
2 . 3 0 E - 0 1
5.25E-01
3 6 5 7 3
34180
7 8 1 7 6
1 . 5 8 7 5 E - 0 4
1 . 4 8 3 6 E - 0 4
3 . 3 9 3 2 E - 0 4
1 . 9 5 7 6 E - 0 6  
1 . 6 6 6 8 E - 0 6  






























5 5 8 2 0 0 0 . 0 2p 2.46E-01 1 9 4 6 5 3 9 8 . 4 4 8 9 E - 0 3 1 . 0 0 8 4 E - 0 4
8 2 0 0 0 . 02p 2 . 3 0 E - 0 1 1 8 1 9 6 7 4 7 . 8 9 8 3 E - 0 3 9 . 1 7 9 8 E - 0 5
8 2 0 0 0 . 02p 5.25E-01 4 1 5 9 8 6 6 1 . 8 0 5 6 E - 0 2 2.1434E-04
6 6 8 2 0 0 0 . 0 2p 2 . 4 6 E - 0 1 2 1 8 1 1 9 . 4 6 7 1 E - 0 5 1 . 0 8 9 5 E - 0 6
8 2 0 0 0 . 0 2p 2 . 3 0 E - 0 1 20440 8 . 8 7 2 0 E - 0 5 1.1936E-06
8 2 0 0 0 . 0 2p 5.25E-01 4 6 3 4 1 2 . 0 1 1 4 E - 0 4 2 . 5 5 2 2 E - 0 6
7 7 8 2 0 0 0 . 0 2p 2.46E-01 1 1 5 7 9 1 7 5 . 0 2 5 9 E - 0 3 6 . 0 0 0 8 E - 0 5
8 2 0 0 0 . 0 2p 2 . 3 0 E - 0 1 1 0 8 3 2 3 7 4.7018E-03 5 . 5 7 6 7 E - 0 5
82000.02p 5 . 2 5 E - 0 1 2 4 7 4 9 1 8 1 . 0 7 4 2 E - 0 2 1.2749E-04
8 8 8 2 0 0 0 . 0 2p 2.46E-01 1 2 8 6 8 5 . 5 8 5 4 E - 0 5 6 . 1 6 3 5 E - 0 7
8 2 0 0 0 . 02p 2 . 3 0 E - 0 1 11900 5 . 1 6 5 2 E - 0 5 5.0350E-07
8 2 0 0 0 . 02p 5.25E-01 2 7 4 8 6 1.1930E-04 1 . 3 8 4 6 E - 0 6
9 9 8 2 0 0 0 . 0 2p 2.46E-01 1 7 9 9 5 4 5 7.8108E-03 9 . 4 1 8 1 E - 0 5
8 2 0 0 0 . 02p 2.30E-01 1 6 7 9 6 3 5 7.2904E-03 8 . 9 2 8 9 E - 0 5
8 2 0 0 0 . 0 2p 5.25E-01 3 8 3 6 7 5 4 1 . 6 6 5 3 E - 0 2 2.0071E-04
total 5 4 3 7 0 4 6 2 2 . 3 5 9 9 E - 0 1 2 . 7 9 9 0 E - 0 3
total over all cells by nuclide total collisions wgt. lost
collisions * weight to capture
82000.02p 54370462 2.3 599E-01 2.7990E-03
Iphotonuclear activity of each nuclide in each cell, per source particle print table 140
cell cell nuclides atom total collisions photons photon wgt avg photon neutrons neutron wgt avg neutron
index name fraction collisions * weight produced produced energy produced produced energy
1 1 8 2 2 0 6 . 9 9u 2 . 4 6 E - 0 1 4 1 4 1 9 1.7978E-04 66 2 . 8 6 4 7 E - 0 7 8 . 1 2 94 E + 00 4 2 0 2 3 1 . 8 2 4 0 E - 0 4 1 . 6 3 5 0 E + 0 0
8 2 2 0 7 . 9 9u 2 . 3 0 E - 0 1 3 9 5 0 5 1 . 7 1 4 7 E - 0 4 381 1 . 6 5 3 7 E - 0 6 7 . 4 1 6 3 E + 0 0 4 0 0 3 7 1 . 7 3 7 8 E  04 1 . 8 08 4 E + 0 0
8 2 2 0 8 . 99u 5 . 2 5 E - 0 1 8 9 9 7 7 3 . 9 0 5 5 E - 0 4 213 9 . 2 4 5 3 E - 0 7 8 . 2 4 0 6 E + 0 0 9 1 5 8 7 3 . 9 7 5 4 E - 0 4 2 . 2 2 7 4 E + 0 0
2 2 8 2 2 0 6 . 99u 2.46E-01 523 2 . 2 7 0 1 E - 0 6 0 O.OOOOE+OO O.OOOOE+OO 529 2 . 2 9 6 1 E  06 1 . 6 3 5 5 E + 0 0
8 2 2 0 7 . 9 9u 2 . 3 0 E - 0 1 4 92 2.1355E-06 6 2 . 6 0 4 3 E - 0 8 7 . 1 5 2 8 E + 0 0 4 9 7 2 . 1 5 7 2 E - 06 1 . 7 6 5 4 E + 0 0
8 2 2 0 8 . 99u 5 . 2 5 E - 0 1 1 0 9 9 4 . 7 7 0 2 E - 0 6 2 8 . 6 8 1 0 E - 0 9 6 . 7 4 9 5 E + 0 0 1124 4 . 8 7 8 7 E - 0 6 2 . 2 2 7 9 E + 0 0
3 3 8 2 2 0 6 . 99u 2 . 4 6 E - 0 1 2 7 5 6 5 1.1965E-04 36 1.5626E-07 8 . 6 7 2 7 E + 0 0 2 7 9 3 3 1 . 2 1 2 4 E - 0 4 1 . 6 4 3 0 E + 0 0
8 2 2 0 7 . 9 9u 2 . 3 0 E - 0 1 2 6 8 4 5 1 . 1 6 5 2 E - 0 4 243 1 . 0 5 4 7 E - 0 6 7 . 4 3 6 0 E + 0 0 2 7 1 9 5 1 . 1 8 0 4 E - 0 4 1 . 8 0 3 8 E + 0 0































4 4 82206.99u 2 . 4 6 E - 0 1 2 9 2 1 . 2 6 7 4 E - 0 6 0 O.OOOOE+OO O.OOOOE+OO 2 97 1 . 2 8 9 1 E - 0 6 1 . 5 7 7 0 E + 0 0
82207.99u 2 . 3 0 E - 0 1 337 1.4628E-06 2 8 . 6 8 1 0 E - 0 9 7 . 0 3 8 8 E + 0 0 3 4 8 1 . 5 1 0 5 E - 0 6 1 . 8 44 6 E + 0 0
8 2 2 0 8 . 9 9u 5 . 2 5 E - 0 1 662 2 . 8 7 3 4 E - 0 6 1 4 . 3 4 0 5 E - 0 9 6 . 9 6 4 4 E + 0 0 6 6 9 2 . 9 0 3 8 E - 0 6 2 . 1 7 0 4 E + 0 0
5 5 8 2 2 0 6 . 9 9u 2.46E-01 1 5 8 6 6 6 . 8 8 6 7 E - 0 5 27 1 . 1 7 1 9 E - 0 7 7 . 2 5 3 7 E + 0 0 1 6 0 6 9 6 . 9 7 4 8 E - 0 5 1 . 6 4 0 5 E + 0 0
82207.99u 2 . 3 0 E - 0 1 1 5 2 3 3 6.6119E-05 153 6 . 6 4 1 0 E - 0 7 7 . 3 5 3 1 E + 0 0 1 5 4 4 7 6 . 7 0 4 8 E - 0 5 1 . 7 9 7 2 E + 0 0
8 2 2 0 8 . 9 9 u 5.25E-01 3 4 4 9 8 1 . 4 9 7 4 E - 0 4 69 2 . 9 9 5 0 E - 0 7 8 . 7 9 9 7 E + 0 0 3 5 0 7 0 1 . 5 2 2 2 E - 0 4 2 . 2 1 2 2 E + 0 0
6 6 8 2 2 0 6 . 9 9u 2 . 4 6 E - 0 1 1 7 6 7 . 6 3 9 3 E - 0 7 1 4 . 3 4 0 5 E - 0 9 6 . 8 3 0 8 E + 0 0 18 0 7 . 8 1 2 9 E - 0 7 1 . 7 0 2 6 E + 0 0
8 2 2 0 7 . 9 9u 2 . 3 0 E - 0 1 150 6 . 5 1 0 8 E - 0 7 2 8 . 6 8 1 0 E - 0 9 7 . 2 1 3 3 E + 0 0 151 6.5542E-07 1.8395E+00
8 2 2 0 8 . 9 9u 5.25E-01 381 1 . 6 5 3 7 E - 0 6 1 4 . 3 4 0 5 E - 0 9 1 . 2 3 1 3 E + 0 1 382 1 . 6 5 8 1 E - 0 6 2 . 1 7 1 6 E + 0 0
7 7 8 2 2 0 6 . 9 9 u 2 . 4 6 E - 0 1 9 4 5 1 4 . 1 0 2 2 E - 0 5 12 5 . 2 0 8 6 E - 0 8 7 . 9 7 1 1 E + 0 0 95 8 7 4 . 1 6 1 3 E - 0 5 1 . 6 4 5 2 E + 0 0
8 2 2 0 7 . 99u 2 . 3 0 E - 0 1 8 9 4 0 3.8804E-05 104 4 . 5 1 4 1 E - 0 7 7 . 3 9 4 2 E + 0 0 9 0 5 9 3 . 9 3 2 1 E - 0 5 1 . 7 9 9 6 E + 0 0
8 2 2 0 8 . 9 9 u 5.25E-01 19967 8 . 6 6 6 7 E - 0 5 42 1.8230E-07 8 . 7 4 9 9 E + 0 0 2 0 3 0 2 8 . 8 1 2 1 E - 0 5 2 . 2 3 7 9 E + 0 0
8 8 8 2 2 0 6 . 99u 2 . 4 6 E - 0 1 91 3 . 9 4 9 9 E - 0 7 1 4.3405E-09 6 . 90 94 E+0 0 91 3 . 9 4 9 9 E - 0 7 1 . 4 4 5 2 E + 0 0
8 2 2 0 7 . 99u 2 . 3 0 E - 0 1 1 19 5 . 1 6 5 2 E - 0 7 3 1 . 3 0 2 2 E - 0 8 6 . 8 8 4 8 E + 0 0 120 5 . 2 0 8 6 E - 0 7 1.5656E+00
8 2 2 0 8 . 9 9u 5 . 2 5 E - 0 1 233 1 . 0 1 1 3 E - 0 6 0 O.OOOOE+OO O.OOOOE+OO 2 37 1 . 0 2 8 7 E - 0 6 2 . 2 0 9 0 E + 0 0
9 9 8 2 2 0 6 . 9 9u 2 . 4 6 E - 0 1 1 3 2 6 6 5 . 7 5 8 1 E - 0 5 19 8 . 2 4 7 0 E - 0 8 7 . 6 5 8 8 E + 0 0 1 3 4 8 2 5 . 8 5 1 9 E - 0 5 1 . 6 3 2 8 E + 0 0
8 2 2 0 7 . 9 9 u 2.30E-01 1 3 1 5 6 5.7104E-05 124 5 . 3 8 2 3 E - 0 7 7 . 2 0 6 2 E + 0 0 1 3 34 3 5 . 7 9 1 6 E - 0 5 1 . 7 8 9 7 E + 0 0
8 2 2 0 8 . 9 9u 5.25E-01 2 9 9 7 1 1 . 3 0 0 9 E - 0 4 57 2 . 4 7 4 1 E - 0 7 8 . 0 0 4 6 E + 0 0 3 0 4 8 5 1 . 3 2 3 2 E - 0 4 2 . 2 0 6 4 E + 0 0
total 4 4 9 5 9 5 1 . 9 5 1 5 E - 0 3 1 7 1 9 7 . 4 6 1 4 E - 0 6 7 . 8 1 2 8 E + 0 0 4 5 6 6 5 9 1 . 9 8 2 1 E - 0 3 1 . 9 84 3 E+ 0 0
total over all cells by nuclide total collisions photons photon wgt avg photon neutrons neutron wgt avg neutron
collisions * weight produced produced energy produced produced energy
8 2 2 0 6 . 9 9u 1 0 8 6 4 9 4 . 7 1 5 9 E - 0 4 1 62 7.0317E-07 8 . 0 2 1 7 E + 0 0 1 1 0 1 9 1 4 . 7 8 2 9 E - 0 4 1 . 6 3 8 3 E + 0 0
8 2 2 0 7 . 9 9u 104777 4 . 5 4 7 9 E - 0 4 1018 4 . 4 1 8 7 E - 0 6 7.3794E+00 1 0 6 1 9 7 4 . 6 0 9 5 E - 0 4 1 . 8 0 2 3 E + 0 0
8 2 2 0 8 . 99u 2 3 6 1 6 9 1 . 0 2 5 1 E - 0 3 539 2 . 3 3 9 5 E - 0 6 8 . 56 8 5 E+0 0 2 4 0 2 7 1 1 . 0 4 2 9 E - 0 3 2 . 2 2 3 4 E + 0 0
1summary of photons produced in neutron collisions
cell number of weight per energy per avg photon mev/gm per weight/neut energy/neut
photons source neut source neut energy source neut collision collision
1 1 131 7 . 3 2 8 7 4 E - 0 8 5 . 5 7 3 7 8 E - 0 7 7 . 6 0 5 3 8 E + 0 0 3 . 3 6 1 2 0 E - 0 9 2 . 7 6 6 5 9 E - 0 4 2 . 1 0 4 0 9 E - 0 3
2 2 1 2 . 3 8 5 0 8 E - 1 1 1 . 6 1 5 4 3 E - 1 0 6 . 7 7 3 0 6 E + 0 0 6 . 6 8 0 8 3 E - 1 1 5 . 8 4 1 7 8 E - 0 6 3 . 9 5 6 6 7 E  05
3 3 131 5 . 1 8 9 2 7 E - 0 8 4 . 0 0 5 0 5 E - 0 7 7 . 7 1 7 9 5 E + 0 0 2 . 4 1 5 2 0 E - 0 9 1 . 9 5 7 5 6 E - 0 4 1 . 5 1 0 8 3 E - 0 3
4 4 3 2 . 9 3 5 6 4 E - 0 9 2 . 2 0 5 3 0 E - 0 8 7 . 5 1 2 16 E + 0 0 9 . 1 2 0 3 3 E - 0 9 8 . 5 4 1 9 8 E - 0 4 6 . 4 1 6 8 8 E - 0 3
5 5 97 3 . 7 3 2 5 7 E - 0 8 2 . 8 7 2 8 2 E - 0 7 7.69663E+00 1 . 7 3 2 4 2 E - 0 9 1 . 7 9 6 0 4 E - 0 4 1 . 3 8 2 3 5 E - 0 3
6 6 0 O.OOOOOE+00 O.OOOOOE+00 O.OOOOOE+00 O.OOOOOE+00 O.OOOOOE+00 O.OOOOOE+00
7 7 68 3 . 2 6 8 5 7 E - 0 8 2 . 6 5 6 3 8 E - 0 7 8 . 1 2 7 0 6 E + 0 0 1 . 6 0 1 9 0 E - 0 9 2 . 1 2 9 9 2 E - 0 4 1 . 7 3 1 0 0 E - 0 3
00
+ 1 + + w w w w
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detector score diagnostics cumulative tally cumulative
fraction of per fraction of
times average score transmissions transmissions history total tally
l .OOOOOE-01 7 0 . 0 0 0 0 1 2 . 9 2 1 2 0 E - 1 4 0 . 0 0 0 0 0
l.OOOOOE+00 59 0 . 0 0 0 0 9 1 . 2 2 6 5 1 E - 1 2 0 . 0 0 0 0 0
2.OOOOOE+00 85 0 . 0 0 0 2 0 5 . 5 4 1 9 9 E - 1 2 0 . 0 0 0 0 0
5.00000E+00 562 0 . 0 0 0 9 4 8 . 5 5 0 3 6 E - 1 1 0 . 0 0 0 0 1
l.OOOOOE+01 1811 0 . 0 0 3 3 3 5 . 8 4 1 0 4 E - 1 0 0 . 0 0 0 0 7
1.OOOOOE+02 1 1 9 5 5 3 0 . 1 6 1 2 9 2 . 9 4 8 8 8 E - 0 7 0 . 0 3 0 6 1
l .OOOOOE+03 6 1 6 2 9 5 0.97557 7 . 5 3 6 9 1 E - 0 6 0 . 8 1 1 2 7
l.OOOOOE+38 1 8 4 9 0 0 . 9 9 9 9 9 1 . 8 2 2 1 1 E - 0 6 0 . 9 9 9 9 9
1st 200 histories 4 1 . 0 0 0 0 0 5 . 6 8 8 8 2 E - 1 1 1 . 0 0 0 0 0
average tally per history = 9.55464E-06 largest score = 5.36530E-01
(largest score)/(average tally) = 5.55723E+04 nps of largest score = 1 7 3 3 6 6 0 6
score contributions by cell
cell m i s s e s hits tally per history weight per hit
1 1  18 2 3 4 6 7 8 3 . 1 8 0 2 0 E - 0 6 3 . 1 2 2 0 5 E - 0 3
2 2 0 3 0 9 1 4.76926E-08 3.55476E-03
3 3 10 1 7 6 6 2 3 2.76444E-06 3.60593E-03
4 4 0 2 1 0 6 3 . 3 1 4 6 1 E - 0 8 3 . 6 2 6 0 4 E - 0 3
5 5 9 114473 1 . 6 7 4 4 7 E - 0 6 3 . 3 7 0 0 2 E - 0 3
6 6 1 1 2 9 7 1 . 6 6 7 0 2 E - 0 8 2.96114E-03
7 7 14 7 4 3 0 3 9 . 1 6 9 8 1 E - 0 7 2 . 8 4 3 2 3 E - 0 3
8 8 0 8 9 5 9 . 9 4 8 4 4 E - 0 9 2 . 5 6 0 8 8 E - 0 3
9 9 14 1 4 9 4 0 0 l.OlllOE-06 1 . 5 5 9 1 9 E - 0 3





russian roulette on pd 
psc=0.
russian roulette in transmission 
underflow in transmission 
hit a zero-importance cell 
energy cutoff








1analysis of the results in the tally fluctuation chart bin (tfc) for tally 15 with nps = 230386884 print table 160





































estimated tally relative error = 0.0028 
relative error from zero tallies = 0.0015
number of nonzero history tallies = 448561
history number of largest tally = 109476378
(largest tally)/(average tally) = 5.45997E+04
(confidence interval shift)/mean = 0.0000
estimated variance of the variance = 0.0006 
relative error from nonzero scores = 0.0024
efficiency for the nonzero tallies = 0.0019 
largest unnormalized history tally = 6.23687E-01 
(largest tally)/(avg nonzero t a l l y ) - 1.25775E+02
shifted confidence interval center 9 . 6 5 4 8 6 E - 0 6









2 . 8 2 2 2 6 E - 0 3
6 . 3 8 9 7 2 E - 0 4
9 . 6 5 4 8 6 E - 0 6
1.04625E+02
value at nps+1
9 . 6 5 7 3 4 E - 0 6
2 . 8 3 5 3 6 E - 0 3
7.22073E-04
9 . 6 5 4 8 7 E - 0 6
1 . 0 3 6 6 0 E + 0 2
value(nps+1)/value(nps)-1.
0 . 0 0 0 2 8 0
0 . 0 0 4 6 4 1
0 . 1 3 0 0 5 5
0 . 0 0 0 0 0 1
- 0 . 0 0 9 2 1 9
the estimated inverse power slope of the 198 largest tallies starting at 1.45536E-01 is 6.6197
the large score tail of the empirical history score probability density function appears to have no unsampled regions.
results of 10 statistical checks for the estimated answer for the tally fluctuation chart (tfc) bin of tally 15
tfc bin --mean-- --relative error-------- --- variance of the variance--- --figure of merit-- -pdf
behavior behavior value decrease decrease rate value decrease decrease rate value behavior slope
desired random <0.05 yes 1/sqrt(nps) <0.10 yes 1/nps constant random >3 . 0 0
observed random 0 . 0 0 yes yes 0 . 0 0 yes yes constant random 6 . 6 2
passed? yes yes yes yes yes yes yes yes yes y e s
this tally meets the statistical criteria used to form confidence intervals: checlc the tally fluctuation chart to verify,
the results in other bins associated with this tally may not meet these statistical criteria.
estimated asymmetric confidence interval(1,2,3 sigma): 9.6276E-06 to 9 . 6 8 2 1 E - 0 6 ;  9.6004E-06 to 9 . 7 0 9 4 E - 0 6 ; 9 . 5 7 3 1 E  06 to 9 . 7 3 6 6 E  06





































fom = (histories/minute)*{f(x) signal-to-noise ratio)**2 = (1.920E+05)*( 2.334E-02)**2 = (1.920E+05)' 
1unnormed tally density for tally 15 nonzero tally mean(m) = 4.959E-03 nps = 230386884
(5.449E~04) = 1.046E+02 
print table 161
abscissa
tally number num den log
3.16 - 0 6 1 6 .67 - 0 3 -2
3 . 9 8 - 0 6 0 0,. 0 0 + 0 0 0
5 . 0 1 - 0 6 1 4,.21-03 -2
6.31 - 0 6 0 0,. 0 0 + 0 0 0
7 . 94 - 0 6 1 2,. 6 6 - 0 3 -2
1 . 0 0 - 0 5 0 0,,00+00 0
1 . 2 6 - 0 5 1 1 . 6 8 - 0 3 -2
1 . 5 8 - 0 5 3 3 ,. 9 9 - 0 3 -2
2 . 0 0 - 0 5 0 0,. 0 0 + 0 0 0
2.51 - 0 5 6 5,. 0 4 -03 -2
3.16 - 0 5 3 2.. 00 -03 -2
3 . 9 8 - 0 5 5 2,.65 - 0 3 -2
5.01 - 0 5 9 3 .79 -03 -2
6.31 - 0 5 14 4,. 68 -03 -2
7 . 9 4 -05 14 3 ,.72-03 -2
1 . 0 0 - 0 4 20 4,. 22 - 0 3 -2
1 . 2 6 - 0 4 32 5..36 - 0 3 -2
1 . 5 8 - 0 4 68 9,.05-03 -2
2 . 0 0 - 0 4 113 1,. 2 0 - 0 2 -1
2.51 - 0 4 203 1 ,.71 - 0 2 -1
3.16 - 0 4 332 2 . 2 2 -02 -1
3 . 9 8 -04 566 3 .0 0 - 0 2 -1
5.01-04 9 77 4 ,.11 - 0 2 -1
6.31-04 1 8 4 4 6,. 17-02 -1
7 . 9 4 - 0 4 3210 8 .53 - 0 2 -1
1 . 0 0 - 0 3 5 51 6 1 ,. 1 6 -01 -0
1 . 2 6 - 0 3 9 2 9 7 1 ,. 56 - 0 1 -0
1 . 5 8 -03 1 7 0 2 2 2,. 27 -01 -0
2 . 0 0 - 0 3 3 5 3 7 7 3,.74-01 -0
2.51 - 0 3 6 2 0 5 9 5,. 21 -01 -0
3 . 1 6 - 0 3 7 6 8 5 4 5,.13 - 0 1 -0
3 . 9 8 - 03 7 1 0 0 3 3 ,. 76 - 0 1 -0
5.01 - 0 3 5 1 4 5 6 2 ,. 17 - 0 1 -0
6.31 - 0 3 34725 1,, 16-01 -0
7 . 9 4 - 0 3 2 5 2 2 3 6,.70 - 0 2 -1
1.00 - 0 2 1 7 3 8 6 3 ,. 67 - 0 2 -1
1.26 - 0 2 1 1 6 4 5 1,. 95 - 0 2 -1
1 . 5 8 - 0 2 7756 1,. 03 - 0 2 -1
2.00 - 0 2 5 28 1 5,. 5 9 -03 -2
ordinate log plot of tally probability density function in tally fluctuation chart bin(d^decade,slopes 6.6) 
2"ŷ ************* j ************** ************* ************* j****'̂
. 000
.576
. 3 9 9
. 0 0 0
. 2 9 7
. 6 9 9
. 5 7 7
. 4 2 1
.330
. 4 3 0
. 3 7 5
. 2 7 0
. 0 4 3
. 9 2 3
. 7 6 8
. 6 5 4
. 5 2 3
. 3 8 6
. 2 1 0
. 0 6 9
. 6 4 5
174
435
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2 . 5 1 - 0 2 3 5 4 0 2 . 9 7 - 0 3 - 2 . 5 2 7 * * * * * * * * * * * * *  I * * * * * * * * * * * * * *  j ************* 1************* j ********* * *
3 . 1 6 - 0 2 2411 1.61-03 - 2 . 7 9 3 ************* j* * * * * * * * * * * * * *  j * * * * * * * * * * * * *  j * * * * * * * * * * * * *  *******
3.98-02 1643 8 . 7 1 - 0 4 - 3 . 0 6 0 ************* j************** j* * * * * * * * * * * * *  j * * * * * * * * * * * * *  j * * *
5 . 0 1 - 0 2 1124 4 . 7 3 - 0 4 - 3 . 3 2 5 ************* j* * * * * * * * * * * * * *  j************* * * * * * * * * * * * * *  1
6 . 3 1 - 0 2 615 2 . 0 6 - 0 4 - 3 . 6 8 7 ************* * * * * * * * * * * * * * *  1* * * * * * * * * * * * * ) * * * * * * * *
7 . 9 4 - 0 2 434 1 . 1 5 - 0 4 - 3 . 9 3 8 ************* 1* * * * * * * * * * * * * *  1* * * * * * * * * * * * *  j
1.00-01 3 02 6 . 3 7 - 0 5 - 4 . 1 9 6 ************* I* * * * * * * * * * * * * *j*************
1 . 2 6 - 0 1 1 9 9 3.34-05 - 4 . 4 7 7 ************* ************** j*********** 1
1 . 5 8 - 0 1 1 2 0 1 . 6 0 - 0 5 - 4 . 7 9 6 ************* j************** 1* ** * * *  j S 1
2 . 0 0 - 0 1 71 7 . 5 1 - 0 6 - 5 . 1 2 4 ************* 1************** j* s  1 1
2.51-01 46 3 . 8 6 - 0 6 -5.413 ************* j************ j S 1 1
3 . 1 6 - 0 1 16 1.07-06 - 5 . 9 7 2 ************* j**** I S I 1
3 . 9 8 - 0 1 11 5 . 8 3 - 0 7 - 6 . 2 3 4 ************* j s 1
5 . 0 1 - 0 1 4 1 . 6 8 - 0 7 -6.774 ******* S 1 1
6.31-01 2 6.69-08 -7.175 1 S 1 1
total 4 4 8 5 6 1 1 . 9 5 - 0 3 d----------- c ------------------1
Icumulative tally number for tally 15 nonzero tally mean(m) = 4.959E-03 nps = 230386884
-(3---- ----------- d—
print table 162
abscissa cum ordinate plot of the cumulative number of tallies in the tally fluctuation chart bin from 0 to 100 percent
tally number cum pot - - 9 0 ------------- 1 00
3.16228E-06 1 0.000 1 1 1 1 1
3 . 9 8 1 0 8 E - 0 6 1 0 . 0 0 0 1 1 1 1 1
5.01188E-06 2 0 . 0 0 0 1 ! 1 1 1
6 . 3 0 9 5 8 E - 0 6 2 0 . 0 0 0 i 1 1 1 1
7 . 9 4 3 2 9 E - 0 6 3 0 . 0 0 1 1 1 1 1
l .OOOOOE-05 3 0 . 0 0 1 1 1 1 1 1
1 . 2 5 8 9 3 E - 0 5 4 0 . 0 0 1 1 1 1 1 1
1 . 5 8 4 8 9 E - 0 5 7 0 . 0 0 2 1 1 1 1 1
1 . 9 9 5 2 6 E - 0 5 7 0 . 0 0 2 1 1 1 1 1
2 . 5 1 1 8 9 E - 0 5 13 0.003 1 1 1 1 1
3 . 1 6 2 2 8 E - 0 5 16 0.004 1 1 1 1 1
3 . 9 8 1 0 8 E - 0 5 21 0 . 0 0 5 1 1 1 1 1
5 . 0 1 1 8 8 E - 0 5 30 0 . 0 0 7 1 1 1
6 . 3 0 9 5 8 E - 0 5 44 0.010 1 1 1 1 1
7 . 9 4 3 2 9 E - 0 5 58 0 . 0 1 3 1 1 1 1 1
l.OOOOOE-04 78 0.017 1 1 1 1 1
1 . 2 5 8 9 3 E - 0 4 110 0 . 0 2 5 1 1 1 1 1
1 . 5 8 4 8 9 E - 0 4 178 0 . 0 4 0 1 1 1 1 1
1 .99526E-04 2 91 0 . 065 1 1 1 1 1
2 . 5 1 1 8 9 E - 0 4 4 9 4 0 . 1 1 0 1 1 1 1 1
3 . 1 6 2 2 8 E - 0 4 8 2 6 0 . 1 8 4 1 1 1 1 1 1
3 . 9 8 1 0 8 E - 0 4 1 3 9 2 0.310 i 1 1 1 1 1
5 . 0 1 1 8 8 E - 0 4 2 3 6 9 0 . 5 2 8 * 1 1 1 1 1 1
6 . 3 0 9 5 8 E - 0 4 4 2 1 3 0 . 9 3 9 1 1 1 1 1 1


































1 . 2 5 8 9 3 E - 0 3  
. 5 8 4 8 9 E - 0 3  
. 9 9 5 2 6 E - 0 3  
.51189E-03 
. 1 6 2 2 8 E - 0 3  
. 9 8 1 0 8 E - 0 3  
. 0 1 1 8 8 E - 0 3  
•30958E-03 
. 9 4 3 2 9 E - 0 3  
.OOOOOE-02 
. 2 5 8 9 3 E - 0 2  
. 5 8 4 8 9 E - 0 2  
. 9 9 5 2 6 E - 0 2  
.51189E-02 
. 1 6 2 2 8 E - 0 2  
. 9 8 1 0 8 E - 0 2  
.01188E-02 
-30958E-02 
. 9 4 3 2 9 E - 0 2  
1.OOOOOE-01 
1 . 2 5 8 9 3 E - 0 1  
.58489E-01 





. 3 0 9 5 8 E - 0 1  
total 
Icumulative
1 2 9 3 9  
2 2 2 3 6  
3 9 2 5 8  
7 4 6 3 5  
1 3 6 6 9 4  
2 1 3 5 4 8  
2 8 4 5 5 1  
3 3 6 0 0 7  
370732 
3 9 5 9 5 5  
4 1 3 3 4 1  
4 2 4 9 8 6  
4 3 2 7 4 2  
4 3 8 0 2 3  
4 4 1 5 6 3  
4 4 3 9 7 4  
445617 
446741 
4 4 7 3 5 6  
4 4 7 7 9 0  
4 4 8 0 9 2  
4 4 8 2 9 1  
4 4 8 4 1 1  
4 4 8 4 8 2  
4 4 8 5 2 8  
4 4 8 5 4 4  
4 4 8 5 5 5  
4 4 8 5 5 9  
4 4 8 5 6 1  
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tally 15
* * * * * * *
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* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
20------- 30------- 40'-------- 50-
nonzero tally mean(m) = 4.959E-03
* * * * * * * *
* * * * * * * * *
rnnïïnmrnmmmrn
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
mmmmmmminm
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
*********
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* ** * * *  
 ̂* * ***  * 
t ***** *
* ** * * *
mmmmm********-j
********j
*** ** * ** ^
********■<
********'^
* * * * * * * * T i
********7
* * * *****^
********51
********y








i r * * * * * * *
V******* * * * * * * * *
nps = 230386884 print
8 0 ---------
table
- 9 0 -










tally tally/nps cum pet :
3 . 1 6 2 E - 0 6 1 . 2 5 8 E - 1 4 O.OOOl
3 . 9 8 1 E - 0 6 1.25BE-14 o . o o o j
5 . 0 1 2 E - 0 6 3.272E-14 o.oooj
6 . 3 1 0 E - 0 6 3 . 2 7 2 E - 1 4 0 . 0 0 0 1
7 . 9 4 3 E - 0 6 6 . 6 5 2 E - 1 4 o.oooj
l.OOOE-05 6 . 6 5 2 E - 1 4 o.oooj
1 . 2 5 9 E - 0 5 1.107E-13 o.oooj
1 . 5 8 5 E - 0 5 2 .905E-13 0 . 0 0 0  j
1 . 9 9 5 E - 0 5 2 . 9 0 5 E - 1 3 o.oooj
2 . 5 1 2 E - 0 5 9 . 0 6 7 E - 1 3 o.oooj
3 . 1 6 2 E - 0 5 1 . 2 9 1 E - 1 2 o.oooj
 1 0 - -
plot of the cumulative tally in the tally fluctuation chart bin from 0 to 100 percent 
 20------- 30------- 40--------50------ -60--------70------—  80 - - - —---90----- ---100
W
U i
-K Je -ü •* *  +  -)!* * * * * * *  * * * * * * *
* * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * *
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3 . 2 0 0 0 E + 0 0  










1 . 5 3 8 9 3 E - 0 7  





2 . 9 7 6 1 6 E - 0 7  
1 . 9 3 7 9 8 E - 0 7  
1 . 2 4 8 4 2 E - 0 7  
7.75161E-08 
4.43016E-08 
3 . 2 9 8 0 4 E - 0 8  
1 . 0 1 6 4 9 E - 0 8  
2 . 5 3 9 2 5 E - 0 9  
4.76895E-10 
2 . 8 6 2 4 0 E - 1 1  
2.08640E-06
0 . 0 0 8 2
0 . 0 0 7 7
0 . 0 0 7 2
0 . 0 0 7 3
0 . 0 0 7 3
0 . 0 0 7 9
0 . 0 0 8 0
0 . 0 0 5 4
0 . 0 0 6 4
0 . 0 0 7 8
0 . 0 0 9 8
0.0135
0 . 0 1 5 6
0 . 0 2 8 2



















detector score diagnostics cumulative tally cumulative
fraction of per fraction of
times average score transmissions transmissions history total tally
1.OOOOOE-01 29 0 . 0 0 0 0 4 5 . 3 0 1 0 0 E - 1 4 0 . 0 0 0 0 0
1.OOOOGE+00 110 0.00018 8 . 1 9 2 0 2 E - 1 3 0 . 0 0 0 0 0
2.OOOOOE+00 41 0 . 0 0 0 2 4 1 . 1 7 0 4 4 E - 1 2 0 . 0 0 0 0 0
5.00000E+00 80 0 . 0 0 0 3 4 4 . 8 7 5 3 4 E - 1 2 0 . 0 0 0 0 0
l.OOOOOE+01 125 0 . 0 0 0 5 1 1 . 8 6 2 0 6 E - 1 1 0 . 0 0 0 0 1
1.OOOOOE+02 9 8 5 8 9 0.13077 1 . 1 8 3 8 0 E - 0 7 0 . 0 2 8 0 2
l .OOOOOE+03 630784 0 . 9 6 4 2 1 2 . 9 3 4 1 1 E - 0 6 0 . 7 2 2 3 5
l.OOOOOE+38 2 7 0 8 3 0 . 9 9 9 9 9 1 . 1 7 3 2 9 E - 0 6 0 . 9 9 9 9 9
1st 200 histories 4 1 . 0 0 0 0 0 2 . 8 7 6 0 2 E - 1 1 1 . 0 0 0 0 0
average tally per history = 4 . 2 2 5 8 3 E - 0 6  largest; score = 4.50310E-01
(largest score)/(average tally) = 1.08928E+05 nps of largest score ■= 3 4 4 3 2 8 9 0
score contributions by cell
cell misses hits tally per history weight per hit
1 1  35 2 3 4 6 6 1 6 . 4 6 6 7 6 E - 0 7 6 . 3 4 8 9 8 E - 0 4
2 2 0 309 1 9 . 6 8 1 2 2 E - 0 9 7 . 2 1 5 8 7 E - 0 4
3 3 16 1 7 6 6 1 7 6 . 3 8 9 5 3 E - 0 7 8 . 3 3 4 7 8 E - 0 4
4 4 1 2 1 0 5 9 . 0 8 2 6 4 E - 0 9 9 . 9 4 0 7 2 E - 0 4
5 5 13 1 1 4 4 6 9 5 . 6 7 4 3 8 E - 0 7 1 . 1 4 2 0 6 E - 0 3
6 6 1 1 2 9 7 7 . 5 8 3 9 0 E - 0 9 1 . 3 4 7 1 3 E - 0 3
7 7 10 7 4 3 0 7 5 . 0 5 7 4 2 E - 0 7 1.56804E-03

















7 5 6 8 4 5
1.83328E-05
4 . 2 2 5 8 3 E - 0 6
2.B2701E-03




russian roulette on pd 
psc=0.
russian roulette in transmission 
underflow in transmission 
hit a zero-importance cell 
energy cutoff




















normed average tally per history = 4.22583E-06 
estimated tally relative error = 0.0035 
relative error from zero tallies = 0.0015
number of nonzero history tallies = 448559
history number of largest tally = 3 4 4 3 2 8 9 0
(largest tally)/(average tally) = 1.10724E+05
(confidence interval shift)/mean 0 . 0 0 0 0
unnormed average tally per history = 4.22583E-06 
estimated variance of the variance = 0.0015 
relative error from nonzero scores = 0.0032
efficiency for the nonzero tallies = 0.0019 
largest unnormalized history tally = 4.67901E-01 
(largest tally)/(avg nonzero tally)= 2.15578E+02
shifted confidence interval center 4 . 2 2 6 0 0 E - 0 6
if the largest history score sampled so far were to occur on the next history, the tfc bin quantities would change as folic








variance of the variance 
shifted center 
figure of merit
4 . 2 2 5 8 3 E - 0 6
3.50423E-03
1 . 4 6 7 1 5 E - 0 3
4 . 2 2 6 0 0 E - 0 6




4 . 2 2 6 0 1 E - 0 6
6.66757E+01
0.000481
0 . 0 0 8 8 7 6
0 . 1 9 5 7 3 8
0 . 0 0 0 0 0 4
- 0 . 0 1 7 5 1 8
the estimated inverse power slope of the 200 largest tallies starting at 7 . 8 9 3 7 6 E - 0 2  is 4.6510
the large score tail of the empirical history score probability density function appears to have no unsampled regions.






value decrease decrease rate
 variance of the variance-..
value decrease decrease rate













o ' desired random <0.05 yes 1/sqrt(nps) < 0 . 1 0 yes 1/nps constant random >3 . 0 0
o observed random 0 . 0 0 yes yes 0.00 yes yes constant random 4 . 6 5
o passed? yes yes yes yes yes yes yes yes yes yes
8
(O'
this tally meets the statistical criteria used to form confidence intervals; check the tally fluctuation chart to verify,
the results in other bins associated with this tally may not meet these statistical criteria.
estimated asymmetric confidence interval(1,2/3 sigma); 4.2112E-06 to 4.2408E-06; 4.1964E-06 to 4.2556E-06; 4.1816E-06 to 4.2704E-06




fom = (histories/minute)*{f(x) signal-to-noise ratio)**2 = (1.920E+05)*( 1.880E-02)**2 = {1.920E+05)*(3.535E-04) = 6.786E+01 



























5 54  
7 0 9 8  
6 3 8 4 3  
13 1 4 9 1  
9 4 3 5 3  
64483 
3 9 1 3 0  
2 2 5 7 7  
1 2 7 1 5  
6556 
3 2 0 0
ordinate 
num den log den:
log plot of tally probability density function in tally fluctuation chart bin(d=decade,slope= 4.7)
6..31--07
1.. 0 0 -06
1..58--06
2..51--06
3 . 9 8 -06
6..31--06
1.. 0 0 -05
1 . 5 8 -05
2 .51--05





3 ., 9 8 -04
6.,31--04





1 ., 00- -02
1 ., 58- -02
2,.51--02
8 0 - 0 1  
88-02 
9 4 - 0 2  
3 6 - 0 3  
9 1 - 0 3  
4 6 - 0 3  
3 5 - 0 3  
2 3 - 0 3  
8 1 - 0 3  
0 7 - 0 3  
4 2 - 0 3  
0 0 - 0 3  
7 1 - 0 3  
5 9 - 0 2  
10-01 
1 9 + 00  
55 + 00 
00-01 
02-01 
1 6 - 0 1  
21-02 
5 0 - 0 2  
8 7 - 0 3  
5 0 - 0 3
-0.553
- 1 . 2 3 1
- 1 . 
- 2 . 






- 2 . 6 2 9
- 2 . 6 5 2
.551 
, 6 8 4  
. 6 1 6  
, 6 9 9  
.243 
, 5 8 6  
- 0 . 6 7 8  
0 . 0 7 6  
0 .189  
-0.155 
- 0 . 5 2 0  
- 0 . 9 3 7
- 1 . 
- 1 . 






* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
mmmmmmmmmmmmm
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
* * * * * * * * * * * * *
i - - ----------- - - - - - - d _ _ - - - - - - -  - c - — ----- - - - - - - d - - - - - d - - - - - - - - - d
*  *  *  * * * * * * *  1 * *  * * * * * * * * * * * 1 * * * * * * * * * * * *
1 *
* * * * * * * * * *  I
*  *  *  * * * * * * *  1 * * * * A * * * * * *
1 *
* * * * * * * * * * *
i *
*  * * * * * * * * *  1
*  *  *  * * * * * * *  1 * * * * * * * * *  *  * * * *
1 *
* * * * * * * * * * * 1 * * * * * * * * *  1
*  *  *  * * * * * * *  1 * * * * * * * * *  *  A * * *
1 *
* * * * * * * * * * *
1 *
*
* * * * * * * * * *  I * * * * * * * * *  *  * * * *
1 *
* * * * * * * * * * *
* * * * * *  1 * * * * * * * * * * *
1 *
* * * * * * * * * * *
* * * * * * * * * * * * * * * *
1 *
* * * *
* * * * * * * * * * * * * * * *
1 *
* * * * *
*  *  *  * * * * * * *  j * * * * * * * * *  *  * * * *
1 *
* * * * *  *  *
*  *  *  * * * * * * *  I * * * * * * * * *  *  * * * * 1 * * * * *
*  *  *  * * * * * * *  1 * * * * * * * * *  *  * * * *
! *
* * * *
*  *  *  * * * * * * *  1 * * * * A * * * *  *  * * * *
i  *
* * * *
*  *  *  * * * * * * *  1 * * * * * * * * *  *  * * * *
1 *
* * * * * * * * * * *
*  *  *  * * * * * * *  1 * * * * * * * * * * *
1 *
* * * * * * * * * * *
1 *
* * *
*  *  *  * * * * * * *  1 * * * * * * * * *  *  * * * *
1 *
* * * * * * * * * * * 1 * * * * * * * * *  1
*  *  *  * * * * * * *  1 * * * * * * * * *  *  * * * * *  *
1 *
* * * * * * * * * * *
1 *
* * *  * * * * * * *  1
*  *  *  * * * * * * *  I * * * * * * * * *  *  * * * *
1 *
* * * * * * * * * * * 1 * * * *  * * * * * * *  1
*  *  *  * * * * * * *  1 * *  * * * * * * * * * * * 1 *
* * * * * * * * * * * 1 *
* * * * * * * * * *  1
m m m m m m m m m m m m l r r a n m m m m m m r n r n m m m 1 m m m m m m m m m m r n m 1 m m m m m i m i m m m m i n i n  j
* * * * * * * *  *  *  * *  1 * * * * * * * *  *  * * * * * * * * * * * * * 1 * * * * * * * * * * 1 * * * * * * * * * * * *
*  1
* * * * * * * * *  *  *  *  i * * * * * * * * * *  *  *  *  1 *  *  * * * * * * * * * * * * * * * * * * *  *  * * * *  * * * * *
*  * * * * * * * * * * * * * * * * * * * * * * *  *  *  *  * * * * * * * * * * * * * * * *  * * *
* * * * * * * * * * * * *  *  * * * * * * * * * * * { * A * * * * * * * * * * * * * * * * *
* * * * * * * * * * * *  1 * * * * * * * * * * * * * * * * * * * * * i* * * *
— d -
* * * * * * * *
* * * * * * * * * *
* * * * * * * * * *

































3 . 9 8 - 0 2 1 4 2 5 4.21-04 - 3 . 3 7 6 ************* j ************ *********
6.31-02 621 1.16-04 - 3 . 9 3 6 ************* 1 ************ *********
1.00-01 2 51 2 . 9 5 - 0 5 - 4 . 5 3 0 * * * * * * * * * * * * *  j * * * * * * * * * * * * *********
1 . 5 8 - 0 1 78 5 . 7 9 - 0 6 - 5 . 2 3 7 ************* 1 ************
2 . 5 1 - 0 1 18 8 . 4 3 - 0 7 - 6 . 0 7 4 *************1* s
3 . 9 8 - 0 1 3 8 . 8 6 - 0 8 - 7 . 0 5 2 1 s
5 . 0 1 - 0 1 2 8 . 4 2 - 0 8 - 7 . 0 7 5 1 s
total 4 4 8 5 5 9 1 . 9 5 - 0 3
* * * * * * * *
S
Icumulative tally number for tally 25 nonzero tally mean(m) = 2.170E-03 nps = 230386884 print table 162
abscissa cum ordinate
tally number cum pet
6.30958E-07 15 0 . 0 0 3
l .OOOOOE-06 20 0 . 004
1 . 5 8 4 8 9 E - 0 6 28 0 . 0 0 6
2.51189E-06 30 0 . 0 0 7
3 . 9 8 1 0 8 E - 0 6 32 0 . 0 0 7
6 . 3 0 9 5 8 E - 0 6 36 0 . 0 0 8
l .OOOOOE-05 38 0 . 0 0 8
1 . 5 8 4 8 9 E - 0 5 41 0 . 0 0 9
2 . 5 1 1 8 9 E - 0 5 47 0 . 0 1 0
3 . 9 8 1 0 8 E - 0 5 54 0 . 0 1 2
6.3095BE-05 67 0 . 0 1 5
1 .OOOOOE-04 84 0 . 0 1 9
1 . 5 8 4 8 9 E - 0 4 161 0 . 0 3 6
2 . 5 1 1 8 9 E - 0 4 715 0 . 1 5 9
3 . 9 8 1 0 8 E - 0 4 781 3 1 . 742
6 . 3 0 9 5 8 E - 0 4 71656 1 5 . 9 7 5
1 . OOOOOE-03 2 0 3 1 4 7 4 5 . 2 8 9
1.58489E-03 2 9 7 5 0 0 6 6 . 3 2 3
2 . 5 1 1 8 9 E - 0 3 3 6 1 9 8 3 8 0 . 6 9 9
3 . 9 8 1 0 8 E - 0 3 4 0 1 1 1 3 8 9 . 4 2 3
6 . 3 0 9 5 8 E - 0 3 4 2 3 6 9 0 9 4 . 4 5 6
l .OOOOOE-02 4 3 6 4 0 5 9 7 . 2 9 0
1 . 5 8 4 8 9 E - 0 2 4 4 2 9 6 1 9 8 . 7 5 2
2 . 5 1 1 8 9 E - 0 2 4 4 6 1 6 1 9 9 . 4 6 5
3 . 9 8 1 0 8 E - 0 2 4 4 7 5 8 6 9 9 . 7 8 3
6 . 3 0 9 5 8 E - 0 2 4 4 8 2 0 7 9 9 . 9 2 2
1.OOOOOE-01 448458 9 9 . 9 7 7
1 . 5 8 4 8 9 E - 0 1 4 4 8 5 3 6 9 9 . 9 9 5
2 . 5 1 1 8 9 E - 0 1 4 4 8 5 5 4 9 9 . 9 9 9
3 . 9 8 1 0 8 E - 0 1 4 4 8 5 5 7 1 0 0 . 0 0 0
5 . 0 1 1 8 8 E - 0 1 4 4 8 5 5 9 1 0 0 . 0 0 0
total 4 4 8 5 5 9 1 0 0 . 0 0 0
Icumulative unnormed tally for
plot of the cumulative number of tallies in the tally fluctuation chart bin from 0 to 100 percent 
---- 2 Q---------20------- 30------- 40------- 50------- 60------- 70------- 80-------- 90 —  — — — — "100
* * * * * * * * *
* * * * * * * * *
rrmrariinrnrninm
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
V*******:̂
tally
* * * * * * * *  1 * * * * * * * * *  
* * * * * * * *
* * * * * * * *
* * * * * * * *
* * * * * * * *
******** j * * * *
* * * * * * * *
* * * * * * * *  I * * * * * * * * *  
* * * * * * * *  I * * * * * * * * *  
* * * * * * * *  I * * * * * * * * *  
* * * * * * * *  I * * * * * * * * *  
******** j ********
—  20------- 30------- 40--------5Q—~
nonzero tally mean(m) = 2.170E-03
t * * * * * * * * * * * * * * * *
inrnrnrnrnmrnrnm
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * *
mmmmrnmmmm
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
 50------- 7 0 —  - — - —  -80' —  ' ■
nps = 230386884 print table
 90
1 62
t * * * * * * * *  
& - * * * * * * * *  
t* ******* 
r * * * * * * * *  
k * * * * * * * *  
[ * * * * * * * *  
t * * * * * * * *  
k * * * * * * * *  
t******** 



















































9 8 1 E - 0 3  
310E-03 
OOOE-02 
5 8 5 E - 0 2  
512E-02 
981E-02 




9 8 1 E - 0 1  









3 4 4 E - 1 3  
3 4 2 E - 1 3  
OlOE-13 
853E-13 






1 3 6 E - 0 8  




2 1 4 E - 0 6  
698E-06 
129E-06 
4 8 2 E - 0 6  
7 5 4 E - 0 6  





2 2 2 E - 0 6  
2 2 6 E - 0 6  




0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0.001  
0 . 0 1 4  
0 . 2 6 9  
3 .757
plot of the cumulati 
 10------- 20------- 30----
tally 




- 6 0 -
ion chart 
—  70----
bin from 0 to 100 percent 
—  90--- 100
14.586 
2 6 . 7 3 0  
3 9 . 8 2 7  
52.384 
6 3 . 8 5 2  
7 4 . 0 5 6  
8 2 . 3 8 7  
8 8 . 8 2 6  
9 3 . 3 3 4  
9 6 . 4 5 8  
9 8 . 4 5 0  
9 9 . 4 2 0  
9 9 . 8 0 4  
9 9 . 9 0 6  
1 0 0 . 0 0 0  
1 0 0 . 0 0 0  
were no
* * * * * * * * *
* * * * * * * * *
lîTiïiinim'iuiiimiim
* * * * * * * * *
* * * * * * * * *
irmTmrnmmmiTim
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
------- 10------- 20-------— 30
t made for various reasons:
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * *
mrnmmmmrnmm
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
 40 —  •  50-
* * * * * *
* * * * * *
* * * * * *
* * * * * *
* * * * * * *
- 6 0 --------- - 7 0 ------- - 8 0 - - - - 9 0
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
 ---loo
beyond last bin not in 
tally angle energy time user
15 0 1 0  0
25 0 1 0  0
Istatus of the statistical checks used to form confidence intervals for the mean for each tally bin 














15 passed the 10 statistical checks for the tally fluctuation chart bin result 
missed all bin error check: 54 tally bins had 0 bins with zeros and
25 passed the 10 statistical checks for the tally fluctuation chart bin result 
missed all bin error check: 54 tally bins had 0 bins with zeros and
7 bins with relative errors exceeding 0.05
16 bins with relative errors exceeding 0.05
the 10 statistical checks are only for the tally fluctuation chart bin and do not apply to other tally bins.














tally 15 tally 25
nps mean error vov slope fom mean error vov slope fom
16384000 9 . 4 7 2 5 E - 0 6 0.0104 0.0055 3.6 1 08 4 . 1 4 9 0 E - 0 6 0.0126 0 . 0 0 8 5 5 . 4 74
32768000 9 . 5 3 1 9 E - 0 6 0 . 0 0 7 5 0.0053 5.5 1 04 4 . 1 9 5 2 E - 0 6 0 . 0 0 8 7 0.0030 10.0 77
4 9 1 5 2 0 0 0 9 . 5 9 0 0 E - 0 6 0 . 0 0 6 2 0.0033 7 . 9 103 4 . 1 9 1 3 E - 0 6 0 . 0 0 7 4 0 . 0 1 0 6 5 . 8 72
65536000 9 . 5 9 9 3 E - 0 6 0.0053 0 . 0 0 2 2 6.3 105 4 . 1 9 8 1 E - 0 6 0 . 0 0 6 5 0 . 0 0 6 6 4.5 70
81920000 9 . 6 3 1 6 E - 0 6 0 . 0 0 4 8 0 . 0 0 1 9 5.1 1 03 4 . 2 1 9 7 E - 0 6 0 . 0 0 5 8 0 . 0 0 4 4 5 . 0 69
98304000 9 . 6 4 8 6 E - 0 6 0 . 0 0 4 3 0 . 0 0 1 5 6 . 0 104 4 . 2 3 4 7 E - 0 6 0 . 0 0 5 4 0 . 0 0 4 5 4.0 67
1 1 4 6 8 8 0 0 0 9 . 6 4 9 4 E - 0 6 0 . 0 0 4 0 0 . 0 0 1 5 6 . 2 103 4 . 2 2 7 7 E - 0 6 0 . 0 0 5 0 0 . 0 0 3 8 3 . 5 68
131072000 9 . 6 3 8 7 E - 0 6 0 . 0 0 3 8 0.0013 7.5 104 4 . 2 2 4 5 E - 0 6 0.0046 0 . 0 0 3 1 3.7 69
1 4 7 4 5 6 0 0 0 9 . 6 4 2 5 E - 0 6 0 . 0 0 3 5 0.0011 8 . 4 104 4 . 2 1 7 7 E - 0 6 0.0043 0 . 0 0 2 6 4 . 0 70
1 6 3 8 4 0 0 0 0 9 . 6 4 4 6 E - 0 6 0 . 0 0 3 3 0 . 0 0 1 0 8 . 6 1 0 5 4 . 2 2 7 6 E - 0 6 0.0041 0 . 0 0 2 2 4.1 70
180224000 9 . 6 4 0 4 E - 0 6 0 . 0 0 3 2 0 . 0 0 0 8 1 0 . 0 105 4 . 2 2 4 9 E - 0 6 0 . 0 0 3 9 0 . 0 0 1 9 4 . 6 69
1 9 6 6 0 8 0 0 0 9 . 6 S 2 8 E - 0 6 0 . 0 0 3 1 0 . 0 0 0 7 1 0 . 0 105 4 . 2 2 1 4 E - 0 6 0 . 0 0 3 8 0 . 0 0 1 6 4.7 69
2 1 2 9 9 2 0 0 0 9 . 6 4 9 8 E - 0 6 0 . 0 0 2 9 0 . 0 0 0 7 8 . 7 1 0 5 4 . 2 2 1 2 E - 0 6 0 . 0 0 3 6 0 . 0 0 1 5 5 . 0 69
2 2 9 3 7 6 0 0 0 9 . 6 5 3 8 E - 0 6 0.0028 0 . 0 0 0 6 6 . 6 105 4 . 2 2 5 1 E - 0 6 0 . 0 0 3 5 0 . 0 0 1 5 4 . 7 68





dump no. 81 on file s3.r nps = 230386884 coll 36940464267 ctm = 1199.97 2 3 1 0 2 3 4 9 7 7 1 0
8 warning messages so far.
run terminated when it had u.sed 1200 minutes of computer time, 
computer time = 1200.01 minutes
mcnpx version 2.4.j Mon Mar 25 08:00:00 MST 2002 11/01/02 13:30:44 probid 1 0 / 3 1 / 0 2  1 7 : 2 0 : 1 3
NOTE TO USERS
Page(s) not included in the original manuscript and are 
unavailable from the author or university. The manuscript 
was scanned as received.
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